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THe SMOKE NUISANCE anp 1ts REGULATION, witH 
ESPECIAL REFERENCE To tue CONDITION PRE- 
VAILING tn PHILADELPHIA—IMPROVED FUR- 
NACES anp MECHANICAL STOKERS: 


VICARS’ AUTOMATIC MECHANICAL STOKER.* 


Mr. Witt1amM H. THorne:—tThe subject of the preven- 
tion of smoke from boiler furnaces has been so thoroughly 
discussed here, that it is unnecessary for me to do more than 
touch upon it. 

The whole question of steam production presented itself 
to William Sellers & Co. years ago, not so much in regard to 
% * Manufactured by Wm. Sellers & Co., Incorporated, Philadelphia. 
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Fic. 1.—Battery of internally-fired boilers fitted with Vicars’ automatic stokers. 


the smoke nuisance, as in reference to the employment of 
cheap grades of coal, to the economical production of steam, 
to the orderly and systematic conduct of the boiler plant, and 
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to the bringing of that department of the works up to the 
standard of the others. 

Recognizing that the English had been confronted with 
the same problem to a greater extent, and for a longer period 
of time, and under worse conditions, and that they were very 
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thorough in their investigations and persistent in their efforts 
sf to overcome difficulties, William Sellers & Co. made a study 
of what had been accomplished in England, with the idea of 
d selecting the system best suited for use here. 
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The result was that one of Vicars’ automatic stokers was 
purchased in England and installed in the Sellers’ works in 
Philadelphia. 

By its use, we were able to burn bituminous slack with 
perfect success and without any smoke, the boiler service was 


FIG. 3. 


brought into order, a material economy was effected, and, the 
heat in the furnaces being maintained so constant and regular, 
the time lost in overhauling and repairs of the boiler was very 
much reduced—an entirely unexpected source of saving and 
safety. 
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The use of the stoker having proved so satisfactory, the 
exclusive right for its manufacture and sale in the United 
States was obtained. Various modifications to suit American 
requirements have since been made, and these requirements 
are characteristic and exacting. The so-called conservatism 
of the English induces them to work a long time in producing 
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a good thing, but when its value is established, they adhere to 
it tenaciously. Consequently we find great uniformity in their 
types and proportions of boilers, which renders the problem 
of the application of stokers a comparatively simple one. 

In this country the kinds and sizes of boilers are legion, 


{ 
h 
if 
ye 
tee 
| if 
; 


406 Thorne: F. L, 


and the conditions so variable that each case must be care- 
fully studied and the stoker rearranged and proportioned to 
suit. 

I will now endeavor, by means of the illustrations, to ex- 
plain construction and operation of the “Vicar’s Stoker,” and 
its application to different types of boilers. 

Fig. 1 shows a large steam plant of internally-fired double- 
flue boilers equipped with these stokers. Each pair of fur- 
naces has a large hopper, which is kept supplied with coal by 
means of the overhead conveyor, thus avoiding separate piles 
in front of each boiler and minimizing the labor, dirt and cost 
of handling. The coal is stored in the cellar, from which it is 
raised by means of the elevator, shown in the background, 
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and distributed by an endless screw in a trough extending 
over all the hoppers. Various types of coal conveyors are 
used, depending upon local and financial conditions. 

Fig. 2 is a view of the stoker that we imported from Eng- 
land, as it appears in use on one of our internally-fired Gallo- 
way boilers. In this case the hopper is kept filled by hand- 
shoveling, and, from our experience with it, we are convinced, 
contrary to the popular opinion, that the installation of a 
stoker on one boiler only is a profitable investment. 

Fig. 3 is a front view of the stoker as built by us for inter- 
nally-fired boilers, and, by means of it and the next view, I will 
endeavor to describe the details of the apparatus. In the 
bottom of the hopper are four openings into four inclined 
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chutes, one on each side of each furnace door. In each chute 
is a plunger, which can be slowly pushed down by means of a 
tooth on the horizontal shaft engaging with a tooth in the top 
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side of the plunger, and brought back when this same tooth 
engages with a tooth in the bottom side of the plunger. 
Each pair of plungers is operated by a separate shaft, and 
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when one plunger of each pair is going down its partner is 
coming back. Each shaft has a ratchet wheel keyed on its end 
and a loose vibrating arm carrying a pawl. A cam can be set 
so as to permit the pawl to engage the ratchet teeth through 
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the entire vibration or any portion thereof down to zero. 
Thus, the plungers can be operated at any desired speed, or 
not at all, simply by adjusting these cams to notches pro- 
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vided for the purpose, and the amount of coal fed through 
each chute can be nicely regulated. 

Fig. 4 is a rear view of the same stoker. The coal comes 
down the chutes on to the dead-plate, which is stationary, and 
forms the floor of what might be termed a retort or reverbera- 
tory furnace, where the volatile and smoke-producing parts of 
the fuel are distilled out and pass back into the hot part of the 
fire, where they are entirely burned and their own heat value 
is utilized. This coal is gradually pushed forward onto the 
grate bars. These grate bars havé a peculiar, variable and 
perfectly governable motion. They all move forward into the 
furnace together, any amount required, from zero to about 4 
inches. Then one alternate half of them remains at rest 
while the other half is drawn back. Then this half remains 
while the first half is drawn back. Then all move for- 
ward together again, and so the cycle goes on, the 
result being that the coal is slowly moved further and 
further into the furnace, while the ash, clinker and any uncon- 
sumed coal are discharged over the ends into the flues of inter- 
nally-fired boilers, or upon a fixed grate of externally-fired 
boilers, where.the combustion is completed. 

Returning now to Fig. 3, we can examine the means of 
operating the grate bars. There is a vibrating arm, pawl, 
ratchet wheel and cam for determining the arc through which 
the pawl shall move the ratchet wheel, similar to the ones for 
operating the plungers. The shaft has four single teeth, which 
engage with single teeth in the four sliding frames, the inner 
two of which operate half of the alternate grate bars, and the 
outer two the other half, by means of two cross-trees. The 
inner sliding frames have no tooth on the top, while the top 
tooth of the outer ones is on a block, which can be held by a 
pawl in any position required to vary the forward movement 
of the bars from nothing to the maximum. 

We thus see that the amount of coal which can be pushed 
down upon the dead-plate is variable, from nothing to the 
maximum, while at the same time the speed and distance that 
this coal can be moved forward through the furnace is vari- 
able, from nothing to the maximum, and that these regula- 
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tions are independent of each other and distinct for each fur- 
nace, so that any required condition of thickness of bed of fuel 
and of speed of traverse can be maintained with the utmost 
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regularity, without inrushes of cold air or any disturbance of 
the fuel. 
Between each chute is a full-sized fire door, which can be 
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let down flush with the dead-plate, and the furnace operated 
by hand and raked and sliced just as in ordinary hand practice. 
A readily opened peep door is placed directly over each fire 


door. 
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Fig. 5 is a sectional diagram of the stoker applied in corru- 
gated flues. 
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Fig. 6 shows the stoker as applied to externally-fired 
boilers, with the fixed grate at the back, already referred to. 
The height and length of the fire-brick arch forming the 
retort for the fresh coal are varied to suit the kind of coal used. 

Fig. 7 shows the stoker as applied in a large plant of exter- 
nally-fired water-tube boilers, with the arrangement for hand- 
ling the coal and ashes. The coal is dumped from the cars 
overhead into a tank over each hopper, and is let down, as 
required, by opening a slide in the pipe, while the ashes are 
raked down into the hand-car underneath. 

Fig. 8 shows the stoker as applied to the external furnace 
of a vertical boiler. 

Fig. 9 shows a number of photographic views of our 
foundry chimney-top taken at intervals of about two and one- 
half minutes when we were burning about 35 pounds of bitumi- 
nous slack per square foot of grate per hour and developing 
over 200 horse-power. Nos. 1 to 10 show the results with the 
stoker working under the usual conditions, the only thing 
visible being the exhaust steam from the engine. Nos. 11 
and 12 show the smoking possibilities of the fuel, the fires 
being then stirred and fuel added by hand, with the immediate 
and pronounced emission of smoke, as shown. 


THE RONEY MECHANICAL STOKER.* 


Mr. R. Roney [Baltimore, Md.]:—Mechanical 
stoking in this country has increased so rapidly during the last 
ten years, that it seems unnecessary to refer to the advantages 
which a good mechanical stoker possesses over any form of 
hand-fired furnace, for the smokeless and economical burning 
of bituminous coal. As an advocate of mechanical stoking, I 
was pleased to note that the gentlemen who took part in the 
discussion of the smoke nuisance at the April and May meet- 
ings of the Institute, almost unanimously recognized this 
fact. 

This discussion has also emphasized another fact, viz.: 
that there is no mystery in smoke prevention. It is only a 
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question of intelligent engineering. The problem of smoke 
or no smoke is simply that of bad vs. good engineering, and the 
recognition of four well-known requirements for complete 
or smokeless combustion. I referred to them in my remarks 
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ac the April meeting, and will venture to repeat. They are: 
(1) Sufficient air to supply necessary oxygen. 
(2) A thorough mingling of the oxygen with the volatile 


gases. 
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(3) A constant high temperature of air and gases. 

(4) A uniform supply of fuel, regulated according to the 
demands for heat for steam making or other purposes. 

To maintain ‘all these conditions is practically impossible 
with a hand-fired furnace and the average fireman, but with a* 
good mechanical stoker and a fireman of ordinary intelligence, 
it can be accomplished, and bituminous coal burned without 
smoke, and with a saving in fuel and labor which will pay 
good interest on the investment. 

In considering the subject of mechanical stoking, the ques- 
tion naturally arises; How should a stoker be constructed, to 
meet all the varied conditions, or, in other words, what should 
be the characteristics of the ideal stoker? I would answer: 

It should combine simplicity of construction and opera- 
tion with efficiency, smokelessness, mechanical durability and 
large capacity, when necessary. It should work automatically, 
supplying the coal to the furnace as fast as may be required, 
and maintaining a uniform fire on the grate. It should be so 
constructed as to permit free passage through the grates of a 
large amount of air when required, and this should be accom- 
plished without the aid of a slice bar. It should be so con- 
structed as to make possible the easy application of a system 
of coal- and ash-handling machinery, for the further reduction 
of labor. It should discharge the ash and clinker quickly and 
easily, and without the admission of cold air to the furnace. 
li should be so constructed. that, the coal magazines and all 
the mechanism for feeding the coal shall be entirely outside 
the furnace; and where they will be unaffected by the intense 
heat. It should be capable of burning successfully all grades 
of bituminous, semi-bituminous, lignite and anthracite coals. 
The grate should be easily accessible from above and below, 
and so arranged that every part can be seen at all times, and 
the condition of the fire upon the grate ascertained without 
opening the firing doors. It should be so constructed that 
repairs can be reduced to a minimum, and worn-out parts be 
replaced without disturbing the ‘remainder. It must be so 
simple as to be within the comprehension of the most ordinary 
mind, and yet, at the same time, in reality, compete with the 
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work of a skilled hand-fireman, and do it with the accuracy 
of a machine, which will never “get tired” and never “strike.” 

It was with some such ideal stoker in mind, and with a 
conviction that this ideal had not yet been realized, that the 
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speaker undertook some years ago to design a mechanical 
stoker adapted to the types of boilers and kinds of coal most 
generally used in this country. How well he succeeded, 
modesty forbids my saying, but with the assistance of a few 
lantern slides, I will endeavor to explain to you its construc- 
tion and operation, that you may judge as to the success 
attained. 

According to the Bulletin, announcing this meeting, we, 
who address you, are expected to make “a statement of claims 
for efficiency.” I feel that this is rather a difficult thing to do 
—not on account of any lack of efficiency in the apparatus 
which I have the privilege of describing to you to-night, as I 
trust will be evident, but on account of natural diffidence 
and a reluctance, which even stoker inventors may sometimes 
possess, to appear to “blow my own trumpet.” Neither would 
I wish, when explaining the merits of my own apparatus, to 
appear in any way to detract from the merits of other mechani- 
cal stokers. I will, therefore, paraphrase a well-known remark 
regarding Kentucky’s noted beverage by saying: “All stokers 
are good, but some stokers are better.” 

Mr. Roney then explained by means of lantern slides the 
construction and operation of the Roney Mechanical Stoker, 
and exhibited views of several large boiler plants equipped 
with this stoker. The most notable was that of the steam 
plant at Spreckels’ Sugar Refinery, Philadelphia, containing 
9,000 horse-power of Babcock & Wilcox boilers equipped 
with Roney stokers and coal- and ash-handling machinery. 
This is the largest single plant of boilers in the world thus 
equipped. The coal is brought by trainload, crushed and 
elevated to the storage bunkers at the top of the boiler house, 
from whence it flows by gravity through chutes to the stoker 
hoppers. The ash and cinder from all the boilers is discharged 
by gravity into the cellar and thence elevated to an ash- 
bin, from which it is discharged into cars for removal. 
So complete is the system, that from the time the coal is 
dumped into the crushers until the ash is delivered into the 
cars for removal no manual labor is required. The economy 
of labor and fuel is remarkable. 
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The last lantern slide shown was that of two steam pressure 
diagrams, taken at the Baltimore Electric Refining Works, 
before and after Roney stokers were installed, and illustrated 
vividly the great advantage of mechanical stoking over hand- 
firing in maintaining a uniform boiler pressure under sudden 
and extreme variations in the demand for steam. 

The following is a detailed description of the construction 
and operation of this stoker: 

“The Roney Mechanical Stoker and Smokeless Furnace” 
is shown in Fig. 1 applied to a horizontal return tubular boiler, 


INCLINED POSITION. STEPPED POSITION, 
FIG. 3.—Details of feed and grate movement. 


and Figs. 2, 3 and 4 show the details of the latest construction, 
and the positions of the grate bars and feeding mechanism 
when in operation. From these illustrations it will be seen 
that it is a simple apparatus which receives the fuel in bulk, 
and without further handling, feeds it continuously and at any 
desired rate to the furnace; burns the combustible portion and 
deposits the ash and cinder in the ash-pit ready for removal. 
In the bottom of the hopper is located a sliding pusher (see 
Figs. 2 and 3), actuated by a sector, which engages a rack on 
Vor. CXLIV. No. 864. 27 
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the under side of the pusher, and by which it is given a recip- 
rocatory motion, which gradually feeds the coal over the 
dead-plate and onto the grate. The grate consists of horizon- 
tal flat-surfaced bars, extending from side to side of the fur- 
nace, carried on side bearers, extending from the throat of the 
hopper to the rear of the ash-pit,and inclined at an angle of 27° 
from the horizontal. In the wider furnaces, two sets of grate 
bars are placed side by side, provided with independent actua- 
ting connections. The bars in each set are coupled together 
by a “rocker bar,” the notches of which engage with a lug on 
the lower rib of each grate bar. A variable reciprocating 
motion being given to the rocker bar through a connecting 
rod, the grate bars rock in unison, now forming a series of 
steps and now approximating to an inclined plane, with their 
tops overlapping like the shingles on a roof (Fig. 3). The 
depending webs of ‘the grate bars are perforated with longi- 
tudinal slots, so placed that the condition of the fire can be 
seen.at all times and free access had to all parts of ‘the grate 
without the’ opening of doors. These slots also serve an 
important purpose in furnishing an abundant supply of air 
for combustion. The sectional perspective cut, Fig. 2, illus- 
trates clearly the form of the grate and the advantages of this 
construction. When the grate bars rock forward into the 
inclined position, the burning coal tends to work down in a 
body. But before it can move too far, the bars rock back to 
the stepped position, checking the downward motion, break- 
ing up the bed of fuel and admitting a free volume of air 
through the fire. This alternate starting and checking motion 
keeps the fire constantly stirred and opened up from under- 
neath, and finally lands the cinder and ash on the dumping 
grate, from which it is discharged into the ash-pit by 
releasing the dumping rod—the work of but half a minute. 
All this is accomplished without opening the fire doors. 

The actuating mechanism is simple, all motion being 
taken from one driving shaft, extending across the boiler 
front and driven by a small engine. The power required has 
been found by test to be less than one-quarter horse-power for 
each 150 horse-power boiler. Motion is communicated to the 


i 
} 
: 


Dec., 1897.] ‘Smoke Nuisance. 419 


“agitator” by means of an eccentric or a crank and link, 
Fig. 3, and thence to the “agitator-sector’ and_ rack. 
Through the eye of the agitator-sector passes a stud screwed 
into the agitator, on which stud is a feed-wheel, used to regu- 
late the motion of the agitator-sector and pusher, the position 
of the feed-wheel on the stud determining the length of stroke 
of the pusher. The rocking of the grate bars is in like manner 


ons 


Fic. 4.—Details of dumping grate. The shaded outline shows position of 
grate when dropped. 


regulated by the position of the “sheath-nut” and “lock-nuts” 
on the “connecting-rod.” By these two simple adjustments, 
within the comprehension of the ordinary fireman, the whole 
action of the stoker is controlled, and the fires forced, checked 
or banked at will. 

A coking arch of fire-brick is sprung across the furnace 
(see Fig. 1), covering the upper part of the grate, forming a 
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reverberatory furnace and gas-producer, whose action is to 
coke the fresh fuel and release its gases, which, mingling with 
heated air and steam supplied in small streams through the 
perforated tile above the dead-plate, are quickly burned in the 
large combustion chamber above the bed of incandescent coke 
on the lower part of the grate. This method of supplying the 
coal at the front and coolest portion of the furnace and gradu- 
ally advancing it towards the hottest portion, presents condi- 
tions most favorable for complete and economical combustion, 
and in operation closely resembles a large Argand burner in 
the ease with which it is regulated and its smokeless combus- 
tion of the hydrocarbons of the coal. - 

This stoker burns successfully and smokelessly all kinds 
of bituminous, semi-bituminous, lignite and anthracite coals; 
the complete regulation of the feed and grate motion, together 
with the method just described, of supplying heated air and 
steam, adapting it to all the various coals used for. steam 
making. Waste products, such as tan-bark, saw-dust, cotton- 
seed hulls and coke-dust are frequently burned in this stoker. 


THE BABCOCK & WILCOX STOKER.* 


THE SECRETARY:—‘The Babcock & Wilcox Stoker,” as 
shown by the accompanying cuts,} is an endless chain grate, 
mounted in frames carried on wheels, so that the stoker can 
be moved in or out without interfering with the brickwork. 

The power for moving the grate and feeding the stoker 
thereon is furnished by an independent engine for each stoker, 
and is delivered by a ratchet and lever to a worm wheel. The 
coal is furnished either from a hopper overhead, or shoveled 
by hand in the ordinary way, and the coal feed is regulated by 
means of a gauge at the rear of the hopper, which can be 
raised or lowered according as a thick or thin fire is desired. 

The grate consists of links, which can be readily removed 
should it become necessary to do so, and can be removed and 


* Manufactured by the Babcock & Wilcox Company, New York. 
+ For the use of these illustrations the Journal is indebted to the 7rans- 
actions Am. Society of Mechanical Engineers. 
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replaced in from ten to fifteen minutes; but experience has 
shown that it is seldom necessary. 
The stoker is driven by the front sprockets, and is there- 
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fore pushed forward rather than pulled from the rear. There 
is a damper in the back, at the rear of the stoker carriage, for 
the purpose of preventing circulation of air between the stoker 
and the bridge wall. 
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When it is run in accordance with directions given by the 
manufacturer, the Babcock & Wilcox chain-grate stoker will 
give no more smoke from bituminous coal than a flat grate 
will give from anthracite coal. 


Fic. 2.—Front of Babcock & Wilcox chain-grate stoker. 


As a labor-saving device, the stoker becomes valuable just 
as soon as the number of boilers in the plant require more than 
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one fireman. Its adoption in small plants, for the purpose of 
reducing labor, is not recommended. 
Another advantage of the stoker is its ability to burn the 
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low grades of fuel that cannot be burned on the ordinary 
grates. In places located a long distance from mines, where 
freight is a very large percentage of the cost of coal, this argu- 
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ment will not have much weight; but in places near the mines, 
where slack or low grades of fuel can be obtained at a small 
percentage of the cost of run-of-mine coal, the argument holds 
good, and the stoker will burn it as readily and with good 
economy. 

The following conditions are important when using the 
Babcock & Wilcox chain grate: 

Draft Conditions—To get the best results from a me- 
chanical stoker, a high rate of combustion must be main- 
tained. This means that the draft must be good, and in all 
cases it will require not less than 3% of an.inch- of. water, 
measured in the furnace; and if the coal.is of a very low calo- 
rific value, this pressure should be increased. 

Fuel——The chain-grate stoker, as designed by the Bab- 
cock & Wilcox Company, is adopted for burning bituminous 
coal only, and cannot be used with fuel that. does not ignite 
freely. 

The stoker is made in sizes ranging from 46 inches wide to 
116 inches, length ranging from 6 to 8 feet. (From data 
supplied by the manufacturers:and illustrated by a working 
model.) 


THE AMERICAN STOKER.* 


Mr.,.C. H. Brersaum [Dayton, O.]:—From the previous 
discussions on the subject of smoke prevention, there seem to 
have been evolved these general concurrent ideas: that the 
proper way in which to effect an abatement of the present 
smoke nuisance is to burn the coal in such a manner. that no 
smoke can occur; and that the great numbers of so-called 
smoke consumers with which the Patent Office has been 
flooded and the public beguiled are more or less an economic 
failure. 

The greatest loss of heat existing in all ordinary furnace 
practice is that which is carried off by the chimney gases, and 
the actual losses due to incomplete combustion are so small, 
that only in cases of bad management do they become of suffi- 
cient consequence to deserve any consideration as regards 
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economy. The fallacy of the general notions that a clear stack 
signifies economy, and that a smoky stack means wastefulness, 
is being appreciated more and more. The principal loss from 
the incomplete combustion of gases is not indicated by the ap- 
pearance of the chimney mouth, but is due to the escape of 
invisible gases, and the visible smoke formation is a rather 
insignificant item of loss. The experiments of Professor Tat- 
lock, Scheurer-Kestner, and those made at Sibley College, all 
tend to show conclusively that the average heat losses due to 
the formation of smoke do not exceed three-quarters of I per 


cent. 
Smoke proper is always the result of the incomplete com- 


bustion of hydrocarbons, whatever the fuels may be from 


Fic. 1.—The American stoker. 


which they have been distilled. Coke and charcoal, for exam- 
ple, burn without smoke, since in the process of manufacture 
they have already been deprived of their respective gaseous 
constituents. 

The common kerosene lamp may be taken as the simplest 
smokeless furnace, designed specially for the burning of 
hydrocarbons—a furnace in which complete combustion oc- 
curs. The lamp, under proper conditions, burns with a bright, 
clear flame, free from smoke, with a large excess of the theo- 
retical amount of air necessary for complete combustion. 
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Now remove the chimney and you have a smoky flame, not- 
withstanding the still freer supply of air. In fact, the smoke 
is due to an excessive admixture of cold air, operating to cool 
the body of the flame below the temperature necessary for the 
ignition of carbon. Now take a broken chimney with a small 
hole in the side at a point of its greatest diameter. If the hole 
be small enough, no appreciable effect may be apparent, but 
let a slight draft strike the chimney in a direction so as to 
enter the opening, and a smoky flame is the result. This is 
due to two conditions: A too limited supply of air from 
below, and the influx of air from the side, acting to cool the 
combustion chamber. 

Thus, the two requisites for preventing the formation of 
smoke are these: To supply an adequate amount of free 
oxygen; and, secondly, to have the gases subjected to a tem- 
perature at which carbon ignites. 

A number of interesting experiments have been made 
with a view of determining this temperature, and it is gener- 
ally considered that it is somewhat above 3,200° F. The sim- 
plest experiment is that of taking an extremely fine platinum 
wire and thrusting it into the lower edge of the luminous zone 
of the flame, where the ignition of carbon begins, and the wire 
will be fused. The temperature of ignition of carbon must 
therefore be somewhat higher than the figure given for the 
fusion point of platinum, 3,227° F. 

The heat losses in ordinary furnace practice may be classi- 
fied under three heads: Radiation, incomplete combustion, 
and those due to an excessive dilution of furnace gases. The 
losses due to radiation are relatively small, and deserve but 
little more than due precaution. The entire losses due to 
incomplete combustion may be sub-divided into three classes: 
The loss due to the escape of an invisible combustible gas or 
gases, those due to the loss of the visible smoke, and the fuel 
loss in the ash. Those due to an excessive dilution are well 
illustrated by the operation of a plant with a moderately clean 
stack, to which the proprietor and neighborhood had ascribed 
good economy, and which showed, upon a careful investiga- 
tion, that for a period of twelve hours an average of 35 per 
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cent. of the total heat generated in the furnace was carried off 
by the chimney gases, owing to an excessive use of air, which 
had largely been contributed by a patented air flue discharg- 
ing at the bridge wall. In spite of this sacrifice in economy, 
the stack still, at times of firing, poured out large volumes of 
smoke. 

An error that is commonly made is that of calculating the 
heat losses due to the escape of invisible combustible gases, 
as carbon monoxide (CO). This is a colorless gas, and has, 
per se, no relation with the visible smoke formation, notwith- 
standing that attempts have been made to compile tables 


Fic. 2.—The Independent steam motor ( American stoker). 


giving the probable amounts of CO corresponding to certain 
densities of smoke. CO is always the product of dissociation, 
and its percentage is a direct function of the absolute tempera- 
ture and pressure under which it was formed. That is, if we 
take a volume of carbon dioxide (CO,), and subject it to a 
high temperature, the amount of carbon dioxide converted 
into carbon monoxide and free oxygen is a direct function of 
the absolute temperature and pressure. An increase of tem- 
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perature tends to increase, and an increase of pressure tends 
to decrease, the dissociation. It is quite unlikely that CO 
should ever be formed in our ordinary boiler furnace in any 
appreciable amount—even a trace of it is improbable when 
any free oxygen is present, and the temperature is above the 
ignition point of CO. In our flue gases we always find from 
4 to 10 per cent. of free oxygen. One fact concerning this 
matter, which is often not taken into consideration, or per- 
haps not generally known, is this, that ethylene, acetylene 
and other hydrocarbons are quite readily absorbed by either 
the ammoniacal or the hydrochloric acid solutions of cuprous 
chloride, the usual reagents for the absorption of CO. In 
alluding to this fact, Dr. Hempel, probably the best living 
authority on flue-gas analysis, says: “The disregard of which, 
of course, must lead to wholly useless results.” And it is 
more than likely that the disregard of the foregoing fact has 
led to the erroneous association of carbon monoxide with 
visible smoke. Nevertheless, the presence of a gas or gases 
which are absorbed by the cuprous chloride, gives us direct 
evidence of the possible escape of combustible gases during 
the periods of dense smoke formation, and therefore the heat 
losses ordinarily attributed to the existence of CO, and calcu- 
lated as such, should be at least doubled, since the calorific 
value of a mixture of these hydrocarbons is probably more 
than twice that of carbon monoxide. 

By the heat of the fire the hydrocarbons are either liber- 
ated or volatilized, and, in the gaseous state, in the presence 
of free oxygen and heat, they are broken up. Hydrogen, the 
gaseous and more inflammable constituent, ignites readily at 
a lower temperature than carbon. Now, if the combustion of 
the hydrogen does not produce a temperature sufficiently 
high for the ignition of the carbon also, the carbon then is 
permitted to pass off as soot. Take, for example, a single 
molecule of ethylene gas (C,H,). The 4 atoms of hydrogen 
combine with 2 of oxygen to form 2 molecules of water, and 
the 2 atoms of carbon remaining free are carried off suspended 
in the current of chimney gases. The reasons for the gases 
not always reaching the necessary temperature are quite 
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apparent: excessive dilution of the gases, a too rapid dissipa- 
tion of heat by either radiation or conduction, and ofttimes 
by the presence of aqueous vapor in too large an amount. 
This vapor of water, or steam, never aids the combustion, and 
can only serve to produce a two-fold loss, in that it reduces 
the temperature below the ignition point of carbon; and, 
secondly, increases the volume and the aggregate specific heat 
of the gases, and thus augments the heat losses correspond- 
ingly. Cases are on record where steam jets are claimed to 
have produced phenomenal results. Any advantages from this 
cause can only have been of a mechanical nature, either by 
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Fic. 3. Front view and cross-section (American stoker). 


agitating the products of combustion where the combustion 
chamber was too small and no intermingling of the gases 
could otherwise be effected, or by its presence tending to 
precipitate the soot to the rear of the bridge wall, or some- 
where in its course, and thus reducing the actual amount dis- 
charged by the stack. 

The introduction of heated air above the fire for the pur- 
pose of perfecting the combustion can likewise never be made 
an entire success, since the temperature of this heated air 
must not only be equal to that of incandescent carbon, but 
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must greatly exceed it, in order that after mixing with the 
products of combustion a resulting temperature of this mix- 
ture shall be obtained sufficiently high to ignite the carbon. 
But since all our materials, suitable for the construction of 
air ducts sufficiently refractory to withstand this intense heat, 
are likewise extremely poor conductors of heat, a secondary 
furnace equal to or still larger than the original one would be 
required for heating the necessary air, thus simply transferring 
the problem of smoke prevention from the primary to the 
secondary furnace. 

I will now invite your attention to the construction and 
operative features of the “American Stoker,” an apparatus suc- 
cessfully employed for effecting smokeless combustion. 

Fig. 1 shows the American stoker assembled ready for in- 
stallation. Immediately beneath the coal hopper (A), and 
communicating with it, is the conveyor chamber (8), this in 
turn communicating with the magazine in direct line with it. 
A screw conveyor, or worm, is located in the conveyor cham- 
ber, and extends nearly the entire length of the magazine. 
Immediately beneath the conveyor chamber. is located the 
wind-box (R), having an opening directly beneath the hopper, 
the connection for the air pipe. The other end of the wind- 
box opens into the air space between the magazine and outer 
casing or envelope. The upper edge of the magazine and 
envelope are surmounted by tuyere blocks, these tuyere blocks 
being provided with openings for the discharge of the air. 
Beneath and in front of the hopper is located the motor for 
operating the stoker. 

Furnaces over 6 feet in width, and too wide for a single 
stoker, are equipped with the double stoker. This is a com- 
bination of two single machines feeding from a common 
hopper and operated by the same motor. The space on each 
side of the stoker, between the tuyere blocks and the side walls 
of the furnace, is occupied by dead-plates, or air-tight grates. 
The incombustible portion of the coal congeals into a vitrous 
clinker, accumulating on these dead-grates in lumps quite free 
from coke. In a twelve-hour test by Prof. W. B. Potter on a 
battery of six double stokers at the Anheuser-Busch Brewing 
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Association, St. Louis, it was found that only .93 of I per 
cent. of fixed carbon had been lost in the ash. 

Fig. 2.—The motors are simply piston steam engines. The 
piston rod carries a cross-head, which, by means of suit- 
able connecting links, operates a pawl mechanism, which, in 
turn, actuates the ratchet wheel mounted on the conveyor 
shaft. 

Fig. 3 shows a general front view and cross-section of a 
boiler furnace equipped with the American stoker. Fig. 4 is 
a longitudinal sectional view of the stoker beneath a tubular 
boiler. 
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Fic. 4.—The American stoker under tubular boiler. 


The coal is fed into the hopper, carried along by the 
conveyor through the magazine, overflows from it on. both 
sides, and spreads upon the dead-plates the entire width of 
the furnace. The entire mass of coal above the tuyere blocks, 
and all of that upon the dead-plates, is ignited, carrying a bed 
of burning coke from 14 to 18 inches in depth. 

The two prerequisites for combining smoke prevention 
with economy are: A complete combustion of the hydro- 
carbons, and using the least possible amount of air. It is 
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quite evident that none of the gaseous constituents of the 
coal can escape perfect combustion under the proper condi- 
tions of operation of this stoker. The green coal, being fed 
from underneath the bed of fire, liberates its hydrocarbons 
upon coming in contact with the fire. The air, being supplied 
at this point where the hydrocarbons are evolved, is mixed 
with them, and this mixture then, in turn, passes through the 
deep bed of incandescent coal. The economic use of air is 
due to the method of operation also peculiar to this stoker, in 
that it carries a bed of coal of unusual depth, the air being 
supplied from underneath, the volume of which, being fur- 
nished by a blower, is kept under perfect control, and the 
continuous upward feeding of the coal counteracts the natural 
tendency of holes burning through the fire. 

In point of construction it is notable for the fact that no 
mechanical part of the stoker is subjected to heat, ordinarily 
the chief cause for objections against stokers. 

The wide application of this stoker is no less a feature of 
interest. Not only has it been successfully used under all 
types of boilers, but it is likewise equally well adapted and 
successful in puddling furnaces, heating furnaces, lime-kilns 
and furnace work generally. 

The following series of views, Fig. 5 (Nos. 1 to 10), was 
taken by order of the Cleveland City Council, in order to deter- 
niine what stoking devices, in use at the Division Street Pump- 
ing Station, were practical smoke preventers. Each stack 
serves four tubular boilers fired with cheap Pittsburgh coal, the 
three sets of boilers doing the same amount of work. The 
stack to the left in each view represents the American stoker. 


THE WILKINSON AUTOMATIC STOKER. 

Mr. WiLxkrinson [Bridgeport, Pa.]:—In calling your at- 
tention to the “Wilkinson Mechanical Stoker,” it behooves 
me to say, first, that in its main features of mechanical con- 
struction and performance, it differs very little from other 
forms of stokers; that is, it is provided with a hopper to receive 


Manufactured by the Wilkinson "Manufacturing Company, Bridgeport, 
Montgomery County, Pa. 
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the coal, a grate on which to burn the coal. In its system 
of burning fuel, however, it is not at all like others. 

As a device for burning of the cheaper grades of anthracite 
or bituminous coal, it is particularly efficient. 

Having reference to the illustrations,* it will be observed 
that all that portion of the boiler front below the bottom line 
of boiler, together with the grate bars, bearer bars, etc., as in 
ordinary practice, is eliminated from first cost when new in- 
stallation is considered, or discarded when it is proposed to 
add the stoker to a boiler in use. 

In place of these a stoker front, suited to the purpose, is 
furnished; and at either side of the furnace, heavy side frames 


z 
® Indicates machine work or finish to be allowed for in making pattern. ute 
Grate-box of the Wilkinson automatic stoker. 


are placed, extending diagonally the whole length of the grate, 
tying the stoker front securely to the bearer bar or blast box 
at the back. Suitable projections on the stoker front support 
the mechanism for moving the grate bars, and admit of secur- 
ing the coal hopper and blast pipe, as shown. — 

The grate bars are a series of hollow castings approxi- 
mately of rectangular cross-section, placed side by side, and 
inclined toward the bottom of furnace, at an angle suited to 
the repose of the fuel; the upper end (open to admit the blast 
pipe) projects through and is supported by the stoker front, 
the lower end sliding on and supported by the bearer bars, as 


* For the use of these cuts the Journal is indebted to the 7rans. Am. 
Society of Mechanical Engineers. 
Vor. CXLIV. No. 864. 28 
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shown. Throughout the inclined length and on the face of 
each bar is cast a succession of steps, solid on the tread, but 
through the rise of each step a vent of ample proportion is 
provided to inject air through the fire to the combustion 
chamber. 

The grate bars are independently connected to the moving 
mechanism, and by this means an alternate “back and forth” 
motion is given to the whole series that is constant and 
uniform. 

A pusher, shown resting on the top of the grate bars; is 
doweled to each alternate bar, and advances and recedes with 
them, pushing the coal on to the front end of the grate; the 
continuous “back and forth” motion of the grate bars insur- 
ing a uniform thickness of fire; an ample supply of air for any 
rate of combustion, and an absence of clinker; a slow, but 
gradual advance of the remaining fuel to the bottom of the 
grate, thoroughly consumed, in the form of ash, free of carbon, 
and is deposited on the stationary grate to give off its heat, 
the same “back and forth” motion of the main grate forcing 
the accumulated ash off the table grate into the pit, to be 
removed in the usual manner, or by special appliances. 

The mechanism for effecting the entire operation of the 
stoker consists of a pulley, compound gears, with the neces- 
sary levers and shafts. The power required does not exceed 
one-tenth of 1 horse-power for each stoker. 

The blast is saturated steam through nozzles of one-six- 
teenth of an inch opening, giving an induced current of air of 
wide range and under complete control of the attendant. 

The special features incorporated in this particular stoker 
are as follows: 

(1) The subdivision of the air blast, 7. e., every 4 inches of 
furnace width, which is the width of each grate bar, has 
twenty-seven tuyere openings, 2% inches by % inch, about 
1% square inches area; a furnace 60 inches wide will contain 
fifteen bars, hence 15 X 27 == 405 miniature blacksmiths’ 
fires, equally divided over the fire bed; aside from this every 
4 inches of furnace width is as an independent furnace, having 
its own mechanism and its own steam jet. 
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».The use of this steam jet has a three-fold purpose: 

(1) To induce the air in measured quantities at the will of 
the attendant, thereby regulating the rate of combustion and 
consequently the production of steam in quantities desired 
from minimum to maximum by simply turning the regulating 
valve. 

(2) To prevent the warping or burning of the grate bars. 
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AMERICAN BANK NOTE CO. 


Wilkinson stoker under return-tubular boiler (longitudinal section). 


As an example of the efficiency of this, I have only to say that 
the first stoker of this design was installed under a return 
tubular boiler in the Rebecca Paper Mill, at Bridgeport, 
Montgomery County, Pa., in December, 1891, and that the 
same identical grate bars are still in operation, apparently as 
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good as when new, after six years’ continuous use of twenty- 
four ‘hours per day, equaling about twelve years’ actual service 
of ten hours per day. 

(3) The steam used in this device being pent up in an en- 
closed bar, and finding no other outlet but through an incan- 
descent body of fire on the grate, becomes dissociated, and, 
uniting with the carbon of the fuel, produces a distribution 
of heat throughout the entire combustion chamber that can- 
not be produced in any other manner. Flame from anthracite 
coal to the extent of 40 feet is not an impossibility with this 
device, and with the use of bituminous coal of the lowest grade 
an entire and absolute smokeless result is obtained at all 
times. 

The cost of producing these results in the use of steam is, 
as far as can be measured, from 5 per cent. to 7 per cent. of the 
steam generated in the boiler; that cost is, however, entirely 
wiped out by an increasing evaporation per pound of fuel 
burned. 

Carefully conducted trials, in which the Wilkinson Com- 
pany took no part whatever, show as high an evaporation as 
12°9 pounds of water per pound of combustible, using anthra- 
cite buckwheat, which evidences as high an economy as hith- 
erto known by any means. 

Capacity figures as an important factor also in this device. 
Mr. Jay M. Whitman, an expert engineer, of this city, reports 
tu this company a test made by him in New York City of 126 
per cent. over boiler rating, as the result of the performance 
of this stoker, with a satisfactory economy. 

This stoker can be seen in operation in several of the most 
important industrial establishments in this city, whose ad- 
dresses the Wilkinson Company will be pleased to furnish, 
and also at the works of the Wilkinson Company, at Bridge- 
port, Montgomery County, at any hour of the day, burning 
bituminous gas coal slack, absolutely without smoke. 
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THE MCKENZIE SMOKELESS FURNACE.* 


Tue SecrETARY:—The McKenzie furnace is constructed 
on the well-known principle that air, properly admitted to the 
furnace and mixed with the gases, will give perfect combus- 
tion, preventing the formation of smoke, and at the same time 
giving the best efficiency from the fuel. 

The secret of economy in the burning of fuel is perfect 
combustion. A smokeless furnace to be of practical use, must 
be adapted to all types of boilers; and it must have durability 
with simplicity of construction, which reduces the cost of 
repairs to a minimum. 


4 


SECT PARTS M‘KENZIE FURNACE 


The McKenzie furnace is designed to meet these require- 
ments, as the following description of the furnace will show: 

The furnace is made of heavy, refractory fire-brick mate- 
rial, especially burnt for us to withstand the strain of expan- 
sion and contraction caused by intense heat. We find the life 
of the material to be from two to five years, according to the 
work done. The side deflectors marked D, which are directly 
exposed to the flames, weigh 160 pounds each; the air columns 


* Manufactured by the McKenzie Furnace Company, Chicago, III. 
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marked F, weigh 375 pounds each; the cross distributors H and 
E also weigh 375 pounds each, making all the shapes exposed 
to the greatest heat substantial and durable. The deflectors 
D are built directly in the side walls of the furnace and 
overhang the grates, as shown in the cross-section, and are 
so designed that the back of the shape is heavier than the 
projecting nose, making it self-supporting in the wall, al- 
though the wall rests on it. 
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MCKENZIE FURNACE 


SECTION THRO FIRE BOK 
WATER TUBE BOILER 


The columns marked F are set in the bridge wall 18 
inches apart, across the setting, and support the heavy cross 
distributor marked H, both being 14 inches in diameter and 
very strong. The other cross distributor marked E,is cemented 
on the top of the bridge wall near the end of the grate bars, 
as shown in the longitudinal section. 

All the air distributors and vital parts are thoroughly pro- 
tected from the firing tools. 

The retort marked A, resting on the door liners, is made of 
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cast-iron, protected from the fire by a fire-brick wall, the dis- 
tributor marked C, is set in the retort 6 inches apart, and air, 
passing through the exposed lips, prevents them from fusing. 

The door liners are made very heavy (1% inches thick) to 
withstand the heat. The grates and fronts are the same in 
most cases as on ordinary furnaces; any grate can be used in 
connection with the furnace. The door is a lever-adjustable 
one, hanging on a hinge on either side of the liner and lifted 
by a finger in the center of door moved by the lever and 
ratchet, reducing the time of the door opening to a minimum, 
preventing the admission of cold air. 


BABCOCK WILCOX BOILER 


with 


MSKENZIE FURNACE 


The cost of repairing the furnace is very small, as the 
shapes are durable, can be reset by any handy man or mason 
about the plant, and are all interchangeable. In addition to 
this, it is never necessary to shut down the boiler to repair the 
furnace, as a damaged part will not materially affect its work- 
ing, and can be repaired when it is convenient to shut down— — 
a point very important where the boilers are pushed to their 
capacity and cannot be spared. 

The operation of the furnace is the same as that of any 
hand-fired furnace; the air chambers requiring little or no 
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attention, the opening at the side of the setting to the cham- 
bers marked G, being closed by a sliding iron door, which is 
opened to a fixed point regulated by the grade of coal used. 
On the cheapest grade of slack the doors are wide open, while 
with the best grade of coal the doors would be about one-third 
open. This point of opening is fixed by us, and regulated by 
the fuel used by the furnace, and, as the grade of coal used is 
generally the same from month to month, the air doors re- 
quire no attention. 

As the furnace becomes heated, the air rushes in through 
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EDGEMOOR BOILER 


ENZIE FURNACE. 
the chamber, marked G, to the fire-box, through the long thin 
slots in the shapes, and is mixed with the gases at all points 
above the fuel, supplying sufficient oxygen for good combus- 
tion and preventing smoke. The retort, maked A B C, over 
the doors in front, also supplies air, and can be operated in two 


* ways, either by admitting air at atmospheric pressure, or by 


admitting steam through the high-pressure retort, marked B, 
the steam passing through an opening 4; inch in diameter 
through a nipple, forming a partial vacuum in the distributer, 
marked C, and forcing a larger quantity of air into the furnace. 
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In ordinary cases, the high-pressure retort is not used, and the 
air is admitted in much the same manner as through the other 
retorts. 

The high-pressure retort is used only when it is necessary 
to force the boiler for capacity, and over 100 per cent. over- 
rating has been obtained on water-tube boilers when using 
this retort. 

The steam taken by the high-pressure retort is less than 
I per cent. of the evaporation, and this is not considered a 
waste, as it pays for itself in the extra work done. All the air 
admitted goes into the furnace under atmospheric pressure, 
and is made to pass through the entire length of the setting 


McKenzie furnace attached to return tubular boiler. 


in nearly all cases. This heats the air before it comes in con- 
tact with the gases and overcomes the bad effects of cold air. 

We claim for the furnace the following meritorious points, 
all of which have been amply demonstrated in its practical 
service: 

(1) The prevention of all objectionable smoke by the 
better combustion obtained. (2) Greater efficiency from the 
greater percentage of the calorific power obtained from the 
fuel. (3) More water evaporated per pound of coal from the 
better combustion. (4) Less coal consumption per horse- 
power per hour from better combustion. (5) Adaptability to 
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all types of boilers. (6) Moderate first cost, durability and 
ease of repairing. (7) Adaptability to plants where the quan- 
tity of steam used varies, and where there is necessity of get- 
ting steam very quickly, as in electric light plants; this is 
attained by the easier firing and the better and quicker com- 
bustion obtained. (From data furnished by the manufac- 


turers.) 
[ be Continued.]} 


On THE THEORY or LUBRICATION anp tHe DETER- 
-MINATION or toe THICKNESS or tHe FILM oF 
OIL 1n JOURNAL BEARINGS. 


By F. L. O. Wapsworts, E.M., M.E. 


In view of the practical importance of the subject of lubri- 
cation to mechanical engineers, it is surprising how little 
attention the theoretical consideration of the subject has re- 
ceived. The writer’s interest in the subject was first aroused 
some years ago, while an undergraduate student at the Ohio 
State University. In 1886, Prof. Osborne Reynolds had pub- 
lished a paper in the Transactions of the Royal Society,* in 
which, for the first time, the subject was attacked from the 
ground of the theory of fluids, and some very important con- 
clusions deduced and compared with the results of experi- 
ment. As these results do not seem to be as generally well 
known as their importance deserves, it may be well to first of 
all briefly review Professor Reynolds’ paper. In doing so, I 
shall, in many cases, quote directly from the paper itself, be- 
cause the author has stated his conclusions in so clear and 
concise a manner, that it would be impossible to condense or 
abbreviate his statements without losing some essential 
point. 


*“On the Theory of Lubrication and its Application to Mr. Beauchamp 
Tower’s Experiments, including an Experimental Determination of the Vis- 
cosity of Olive Oil,”’ by Professor Osborne Reynolds. 7vansactions Royal 
Society of London, Vol. 177, pp. 159-234, 1886. 
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The hydronamical equation for the flow of a viscous fluid, 
such as oil, in thin sheets, was simultaneously derived by Pro- 
fessor Reynolds and Lord Rayleigh and Professor Stokes.* 
It is 


dp 
(1) 


where / is the intensity of pressure; V the velocity of motion 
of one side of the sheet with respect to the other, in the direc- 
tion x; h, the distance between the shaft and the journal box 
(i. e., the thickness of the oil film); 4, being the value of h, for 
which / is a maximum; and # the coefficient of viscosity. In. 
the case of a journal revolving in its box, the equation is 
transformed as follows: 


Let R (Fig. 1) be the radius of the shaft; R + a} that of the 
box. Let the center of the journal be at J, and that of the 
journal box at J, and let J O be the line of load cutting the 
journal box symmetrically at L. Then if P denote any point + 
at the surface of the journal at which the pressure is p and the 
thickness of the film h; P, the point of greatest pressure, corre- 
sponding to the thickness /,, and H the point of minimum 
thickness of the film; and if we put 


*See report of the meeting of the British Association for the Advancement 
of Science, Montreal, 1884. 
} In the figure, @ is greatly exaggerated to avoid confusion. 
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where c is a proper fraction, 
we have directly (neglecting quantities of the order 


(< a\? 
h=a([i+cesin (@— 
h, = alt +e sin — 
and substituting these values in (1) we get 
dp (0 — gy) — sin — (2) 
a’ + ¢sm(@— ¢,)f 
In the case of a journal freely revolving in its box and 
separated from it by a film of oil of thickness h, there is a con- 
dition of equilibrium when the resultant of the pressure f, 
plus the frictional resistance to motion, f, is equal to the ex- 
ternal load L and opposed to it in direction; 7. ¢., acts along 
the line J O. When there is no longitudinal pressure in the 
bearing the only remaining unbalanced force is one tending 
to rotate the journal box. Let M denote the moment of this 
force per unit length of the shaft. Then we have the addi- 


tional equations: 
For resultant of forces along O J 


+ 6 
=L= f (pcos0 + fsind) RAO (3) 
6, 
For resultant of forces at right angles to O J 
4, 
= O= { (psin0 —f cos 0) Rd 0 (4) 
For turning moment on box 


+ 4, 
=M=R({fRd0 (5) 
— 4, 


a 

H 


3) 


4) 
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20, being the extreme angle C J D (bisected by the line 
J QO), subtended by the journal box. 

At the edges of the box the pressure p = fo, the external 
pressure of the film, usually simply that of the atmosphere. 

For the frictional resistance between two parallel plane sur- 
faces moving with a relative velocity, /, and separated by a 
film of viscous fluid of thickness, a, we have 


(6) 


In the case of a cylindrical bearing and a film of variable 
thickness /, this expression becomes 


+c sin (@— gy)? I + — gy) 
(7) 
K, = 


These equations can be integrated directly for very small 
values of c, and were integrated by methods of approximation 
(of which it is unnecessary to give details here) for various 
values of c, up to ¢ == 0:5, beyond which point the particular 
methods of approximation adopted can no longer be applied. 

From these results Professor Reynolds has computed the 
following table, giving the pressure round the bearing at 
intervals of 10°, and also at particular points, 9 == + 29° 
20’ 20”, two points at which the pressure was experimentally 
measured in certain experiments of Mr. Tower, with which 
the results of theory are subsequently compared; 6 = + 78° 
31’ 20”, the extreme edges of the boxes; 6 == — 7° 21’ 40”, 
the point of maximum pressure P,; and 6== — 76° 38’ 20”, 
the point pressure. 


° This supposes that there i is no slipping at the boundary between the fluid 
and the surfaces in contact with it. That there is no such slipping (at least 
when the film is thin) has been established by the experiments of Poi- 
seuilles (Paris : Mem. Savants Etrang., Tome 9, p. 434, ae), and of Rey- 
nolds (Phil. Trans., Vol. 174, p. 935, 1883). 
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4 (on side)* bo 6 (off side)* 
Kye 

78° 31’ 20’ "0002 & 
70° 1002 —7° 21’ 40” I 0269 
60° 2249 —10° 1°0232 
50° “3555 —20° "9412 
4c? *5C03 —29° 20’ 20” "7923 
29° 20’ 20” "6609 —40° *5612 
2° "8c22 —g50° *3349 
10° "9331 —60° "1449 
0° —70° 0293 

—76° 38’ 20” 

—78° 31’ 20” "0002 

! 2 


Since the value of » — fp, varies directly as R and V and 
inversely as a’, it follows that since the latter quantity is very 
small, while the two former may be very large, the pressure in 
the film of oil may sometimes rise to a very high figure. In 
one case, indeed, the difference, p — pf», was found by actual 
measurement to be over 600 pounds per square inch. And it 
is the very fact of this excess of pressure in the film, produced 
and maintained by the motion of the journal, that explains its 
existence. The theory also definitely indicates the greatest 
load which the journal will carry at a given speed without 
rupturing this oil film. “As the ratio of the load to velocity 
increases, J J or ¢ increases, and the point H approaches G, 
when c reaches the value 0°5, which makes G H = a (1 — cc) 
= 0'5 a, the pressure of the oil in the film is everywhere 
greater than at A and B, the pressure in the bath, but for a 
further increase in the load the pressure falls near A on the 
off side, the fall will cause the pressure to become less than 
that of the atmosphere, or if sufficient, to become absolutely 

* On” and “off” are used by Professor Reynolds to denote respectively 


the sides of approach # and of recession A in Fig. 1, the arrow indicating the 
direction of motion. In the paper, the angles @ are reckoned from / O each 


way ; + to right ; — to left. 


| 
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negative, until discontinuity or rupture of the film occurs. The 
film will then only extend between brass and journal over a 
portion of the whole arc, and a smaller portion as the load 
increases or velocity diminishes, i. e., as c increases. Thus, 
since the amount of negative pressure which the oil will bear 
depends on circumstances which are uncertain, the limit of 
the safe load for complete lubrication is that which causes the 
least separating distance to be half the difference in radii of the 
brass and journal. 

“The rupture of the oil does not take place at the point of 
nearest approach, but on the of side of this, and will only 
extend up to a point P, definitely shown in this theory, which 
is at the same distance on the off side of H as P, is on the 
on side. Hence, after this rupture, the brass may still be in 
equilibrium, entirely separated from the journal, and the 
question as to whether it will carry a greater load without 
déscending on to the journal will depend on the relative 
values of 


a} 


R 


and on the smallness of the velocity.” 
* * * * * 


' “This much may be inferred without effecting the integra- 
tions for imperfect lubrications; could these be effected, the 
theory would be as applicable to partial lubrication as it has 
been to complete lubrication, 1. e., a sufficient supply of oil. 
And as it is, sufficient may be seen to show that with any 
supply of oil, however insufficient for complete lubrication, 
the brass will still be completely separated from the journal, 
although the supporting film of oil will not touch the brass 
except over a limited area.” 

* * * * * * * * * 


“Another circumstance brought out by this theory, and 
remarked on both by Lord Rayleigh and the author at Mon- 
treal, but not before suspected, is that the point of nearest ap- 
proach of the journal to the brass is not by any means in the 
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line of load, and what is still more contrary to common sup- 
position, it is on the of side of this line. 

“This point H moves as the ratio of load to velocity in- 
creases; when this ratio is zero, the point H coincides with 
O, then as the load increases, it moves away to the left, till it 
reaches a maximum distance, 


being nearly 


NIA 


The load is still small. * * * For further increase of 
load, H returns towards O, or 


increases with the largest loads and smallest velocities to 
which the theory has been applied; this angle is about 40°. 
With a fairly loaded journal well lubricated, it would thus 
seem that the point of nearest approach of brass to journal, 
i. e., the center of wear, would be about the middle of the 
off side of the brass. 

“This circumstance, the reason of which is rendered per- 
fectly clear by the conditions of equilibrium, at once explains 
a singular phenomenon, * * * viz.: that the journal 
having been run in one direction for some time, and carrying 
its load without heating, on being reversed, began to heat 
again, and this after many repetitions always heating on 
reversal, although eventually this tendency nearly disap- 
peared. 

“ * * * This is an effect which would necessarily 
follow in accordance with the theory, so long as there is wear. 
For the center of wear, being on the off side of the line of 
loads, this wear will tend to preserve or diminish the radius of 
the brass on the of side, and enlarge it on the on side, a change 
which will, if anything, improve the condition for producing 
oil pressure while running in this direction, but which will 
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damage the condition on which the production of pressure in 
the film depends when the journal is reversed and the late off 
side becomes the new on side. That with a well-worn surface 
there should be sufficient wear to produce this result, with 
* * * slight amounts of using * * * before reversal, 
seems doubtful; but supposing the brass new, and the surface 
more or less unequal, the wear for some time would be con- 


siderable, even after the initial tendency to heat had disap- . 


peared. Hence it is not surprising that the effect should 
have eventually seemed to disappear.” 

As regards the frictional resistance of a revolving shaft, 
the equations (6) and (7) show that it should be directly pro- 
portional to the velocity and to the viscosity of the oil, and 
inversely proportional to the difference of radii of the shaft 
and bearing. If these two last quantities are constant, the 
friction will increase directly as the speed, and will be inde- 
pendent of the load. In general, this will not be the case, 
because both » and a are themselves functions of both the 
velocity and the load. Before comparing the results of theory 
with practice, it is therefore necessary to consider the causes 
that may cause variations in the values of # and a. Of these 
variations, the most important are (1) those due to tempera- 
ture changes; (2) those due to the pressure in the oil film. 

(1) Change in temperature affects— 

(a) The viscosity of the.oil. By a series of experiments on 
olive oil Reynolds found that between temperatures of 16° 
and 49° C. the variation in viscosity could be expressed by an 
exponential law of the form 


ftz = Age —C(&a—4,) (8) 


where 
A, = viscosity at temperature 4, * * * # =O 
C = coefficient of change for 1° C. * * * 

for olive oil 


O. 
A, = 3:265 C. G. S. units. 
C = 0°0123. 


Vor. CXLIV. No. 864. 29 
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(b) The value of a by reason of difference in coefficient of 
expansion of the metal of the journal and journal box. 
This variation may be expressed in the form 
a, =a [I + E(t, — (9) 
E being the rate at which a increases with temperature. 
Since E is small (in case of a brass journal box and steel jour- 
nal 4 inches in diameter, E is about 0°00004), we may put (9) 


in a form similar to (8), or 


E (4, — 4,) 
a, = 


(2) Change in pressure affects also the value of a by reason 
of the elasticity of the material of the journal box. If we take 
m as the coefficient of this effect, the variation of a with the 
load, L, may be expressed 


a 


tual (10) 


x 


The total effect on a, due both to rise of temperature - 
t, —t, and to load L, will therefore be 


E (t, — 4) 
(@ + mije 


The friction at temperature ¢, and load L will be from (6) 

Ve (11) 
a 


In any series of experiments, |’, the velocity; L, the load; 
f, the friction actually overcome; and ¢t,, the temperature of the 
journal box and shaft, may be measured, and the’ values of 
C and » determined from independent experiments, as already 
noted. But ay, m, and particularly ¢t,, the actual temperature 
of the oil film, are unknown. Since the oil film is itself the seat 
of the heating, it is only reasonable to suppose that it will be 
at least several degrees higher in temperature than the sur- 
rounding metal. This rise in temperature is caused by the 
work spent in overcoming friction, and the heat thus gener- 
ated has all to be carried away by the oil film (by bodily move- 
ment of the oil) or conducted away through the metal sur- 
faces in contact with it. “Consideration of this work and the 
means of escape gave another equation between the rise of 
temperature, the friction and the velocity,” viz.: 


| 
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where 4 + E (ty, — ty) represents the rate at which the 
mechanical equivalent of heat is carried away (by the oil) per 
1° rise in temperature, B represents the rate at which it is 
conducted away (by boxes, shaft, etc.). 

Comparison of Theory with Experiment.—Professor Rey- 
nolds has compared the results of theory with the results of 
a long series of careful experiments by Mr. Tower, which were 
undertaken at the instance of the English Institute of Me- 
chanical Engineers.* Although the friction of lubricated sur- 
faces has been the subject of a great deal of experimental in- 
vestigation by able and careful experimenters, and, “in many 
cases empirical laws have been propounded; these fail for the 
most part to agree with each other and with the more general 
experience.” The main cause of this irregularity was found 
by Mr. Tower to be irregularity in the supply of lubricant. 
In order to remove this cause as far as possible, he, in one 
series of experiments, completely immersed the journal box in 
an oil bath, which was maintained at a definite temperature. 
“This was very fortunate, for * * * the results so ob- 
tained show a great degree of regularity. They show that with 
perfect lubrication a definite law of the variation of the fric- 
tion with the pressure and the velocity holds for a particular 
journal and brass.” When Mr. Tower substituted for the bath 
an oil-pad pressed against the free part of the revolving jour- 
nal, he also found considerable regularity in the results, but 
these results were very different from those obtained with the 
bath. \With intermediate lubrication he obtained intermediate 
results, of which he says: “Indeed, the results, generally 
speaking, were so uncertain and irregular, that they may be 
summed up in a few words. The friction depends on the 
quantity and uniform distribution of the oil, and may be any- 
thing between the oil-bath results and seizing, according to 
the perfection or imperfection of the lubrication.” 

Of Mr. Tower’s experiments, therefore, only those made 


* Proc. Inst. Mech. Engineers (English), 1883, 1884. 
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with the oil-bath can be compared with the results of the 
theory developed by Professor Reynolds, which has been 
fully developed, as already pointed out, only for the case of 
perfect lubrication, i. e., continuous supply of oil at the on side 
of the journal box. In Mr. Tower’s experiments, the values 
of f were measured for various values of ’ and L, with two 
boxes, which are designated, respectively, as Nos. 1 and 2, 
The temperature ¢, measured was that of the oil-bath. The 
first step in the comparison of the theoretical with the experi- 
mental results was to determine ¢t,, the actual temperature of 
the.oil film. This was done by substituting in equations (11) 
and (12) the experimental values of f, V, L and ty), and then 
determining from these observation equations the value of f, 
and of the constants, A, B, E, mand ay. The test of the theory 
is in these values being constant throughout the range of 
experiment. 

“It was * * * found that the experiments with the 
lower loads gave remarkably consistent values for A, B, E, m 
and dy, which was also treated as arbitrary. In proceeding 
to the higher loads for which values of c were greater, the 
agreement between the calculated and experimental results 
was not so close, and the divergence increased as ¢ increased. 
On careful examination, however, it appeared that this dis- 
cordance would be removed if the experimental frictions were 
all reduced 20 per cent. This implied that 20 per cent. of the 
actual friction arose from sources which did not affect the 
pressure of the film of oil; such a source would be the friction 
of the ends of the brass against flanges on the shaft, commonly 
used to keep the brass in its place, or by any irregularity in 
the longitudinal section of the journal or brass. Although no 
direct reference is made to such flanges in Mr. Tower's re- 
ports, it is such a common custom to neck the shaft to form 
the journal, that there is great probability of the flanges being 
used. A coefficient, n, has, therefore, been introduced into 
the theory, which includes both the effect of necking and of 
irregularity in longitudinal section. Giving m the value 1.25, 
the calculated results came into accordance with all Mr. 
Tower’s results for olive oil, the difference being such as 
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might well be attributed to experimental inaccuracy, and this 
both as regards the frictions measured with one brass, No. 1, 
and the distribution of the pressure round the journal with 
another, No. 2.” 

“Not only does the theory thus afford an explanation of 
the very novel phenomena of the pressure in the oil film, but 
it also shows, what does not appear in the experiments, how 
the various circumstances under which the experiments have 
been made affect the results.” 

“Two circumstances in particular, which are brought out 
as principal circumstances by the theory, seem to have 
hitherto entirely escaped notice, even that of Mr. Tower.” 

“One of these is a, the difference in the radii of the journal 
and of the brass or bearing. It is well known that the fitting 
between the journal and its bearing produces a great effect 
on the carrying power of the journal, but this fitting is sup- 
posed to be rather a matter of smoothness of surface than a 
degree of difference in radii. The radius of the bearing must 
always be as much larger than that of the journal as is neces- 
sary to secure an easy fit, but more than this does not seem to 
have been suggested.” 

“It now appears from this theory that if viscosity were 
constant, the friction would be inversely proportional to the 
difference in the radii of the bearing and journal, and this, 
although the are of contact is less than the semi-circumference; 
and taking temperature into account, it appears from the 
comparison of the theoretical frictions with the experiment on 
brass No. 1, that the difference in the radii at 70° F. was 


a == 000077 (inch) 


and comparing the theoretical pressures with those measured 
with brass No. 2, 


a == 0°00084 (inch) 
or the difference was 9 per cent. greater in the case of brass 
No. 2.” 
“These two brasses were probably both bedded to the 
journal in the same way, and had neither been subjected to any 
great amount of wear, so that there is nothing surprising in 
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their being so nearly the same fit. It would be extremely 
interesting to find how far, under continuous running, pro- 
longed wear tends to preserve this fit. Mr. Tower's experi- 
nients afford only slight indication of this. It does appear, 
however, that the brass expanded with an increase of tem- 
perature, and that its radius increases as the load increases 
in a very definite manner.” 

The general results of the comparison are finally summed 
up as follows: 

“The experiments to which the theory has been definitely 
applied may be taken to include all Mr. Tower's experiments 
with the 4-inch journal and oil-bath, in which the number of 
revolutions per minute was between 100 and 450, and the 
nominal loads in pounds per square inch between 100 and 415. 
The other experiments with the oil-bath were with loads 
from 415 till the journal seized at 520, 573 or 625, and a set of 
experiments with brass No. 2, at twenty revolutions per min- 
ute. All these experiments were under extreme conditions, 
for which by the theory c was so great as to render lubrication 
incomplete, and preclude the application of the theory without 
further integrations. 

“The theory has, therefore, been tested by experiments 
throughout the extreme range of circumstances to which the 
particular integrations undertaken are applicable, and the re- 
sults, which in many cases check one another, are consistent 
throughout. 

“The agreement of the experimental results with the par- 
ticular equations obtained on the assumption that the brass 
as well as the journal are truly circular, must be attributed to 
the same causes as the great regularity presented by the 
experimental results themselves. 

“Fundamental amongst these causes is, as Mr. Tower has 
pointed out, the perfect supply of lubricant obtained with the 
oil-bath. But nearly as important must have been the truth 
with which the brasses were first fitted to the journal, the 
smallness of the subsequent wear and the variety of the condi- 
tions as to magnitude of load, speed and direction of motion. 

“That a brass in continuous use should preserve a circular 
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section with a constant radius requires either that there should 
be no wear at all, or that the wear at any point P should be 
proportional to 


sin (= —P/J#) 


“Experience shows that there is wear in ordinary practice, 
and even in Mr. Tower’s experiments there seems to have 
been some wear. In these experiments, however, there is 
every reason to suppose that the wear would have been ap- 
proximately proportional to 


sin(¢g,— 0) =c sin (= —P/ H) 


because this represents the approach of the brass to the jour- 
nal within the mean distance a, for all points, except those at 
which it is negative; at these there would be either no wear 
at all, or a slight positive wear. So long, then, as the journal 
ran in one direction only, the wear would tend to preserve 
the radius and true circular form of that portion of the arc 
from A to F,* altering the radius at F, and enlarging it 
from F to B. On reversal, however, A and F change sides, 
and hence alternate motion in both directions would preserve 
the radius constant all over the brass. 

“The experience emphasized by Mr. Tower, that the jour- 
nal, after running for some time in one direction, would not 
run at first in the other, strongly bears out this conclusion. 
Hence it follows that had the journal been continuously run 
in one direction, the condition of lubrication, as shown by the 
distribution of oil pressure round the journal, would have been 
modified, the pressure falling between O and B on the on side 
of the journal, a conclusion which is borne out by the fact 
that in the experiments with brass No. 2, which was run for 
some time continuously in one direction, the pressure meas- 
ured on the on side is somewhat below that calculated on the 
assumption of circular form, although the agreement is close 
for the other four points. 

“When the surfaces are completely separated by oil, it is 


* A point 90° from G in the direction G O B. 
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difficult to see what can cause wear. But there is generally 
metallic contact at starting, and hence abrasions, which will 
ir.troduce metallic particles into the oil (blacken it); these 
particles will be more or less carried round and round with the 
journal, causing wear and increasing the number of metallic 
particles and the viscosity of the oil. Thus the rate of wear 
would depend on the metallic particles in the oil, the values 
of, 

I 

a 


C, 


and the velocity of the journal, and hence would render the 
greatest velocity of the journal at which the maximum load 
with a large value of c could be carried, small—a conclusion 
which seems to be confirmed by Mr. Tower’s experiments 
with brass No. 2, at twenty revolutions a minute. 

“In cases such as engine bearings, the wear causes the 
radius of curvature of the brass continually to increase, and 
hence, a and c must continually increase with wear. But, in 
order to apply the theory to such cases, the change in the 
direction of the load (or the velocity of approach of the sur- 
faces) would have to be taken into account. 

“That the circumstances of Mr. Tower’s experiments are 
not those of ordinary practice, and hence that the particular 
equations deduced in order to apply the theory definitely to 
these experiments do not apply to ordinary cases, does not 
show that the general theory, as given in the general equation, 
could not be applied to ordinary cases were the conditions 
sufficiently known. 

“These experiments of Mr. Tower have afforded the means 
of verifying the theory for a particular case, and hence have so 
far established its truth as applicable to all cases for which the 


integrations can be effected. 


“The verification of the equations for viscuous fluids under 
such extreme circumstances affords a severe test of the truth 
and completeness of the assumptions on which these equa- 
tions are founded; and the result of the whole research is to 
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point to a conclusion that not only in cases of intentional 
lubrication, but whatever hard surfaces under pressure slide 
over each other without abrasion, they are separated by a 
film of some foreign matter, whether perceptible or not; and 
that the question as to whether the action can be continuous 
or not, turns on whether the motion tends to preserve the 
foreign matter between the surfaces at the points of pressure, 
as in the almost if not quite unique case of the revolving jour- 
nal, or tends to remove it, and sweep it on one side, as is the 
action of all backward and forward rubbing with continuous 
pressure. 

“The fact that a little grease will enable any surfaces to 
slide for a time has tended doubtless to obscure the action 
of the revolving journal to maintain the oil between the sur- 
faces at the point of pressure, and yet, although only now 
understood, it is this action that has alone rendered machinery 
or even carriages possible. The only other self-acting system 
of lubrication is that of reciprocating motion with intermit- 
tent pressure and separation of the surfaces to draw the oil 
back or to draw a fresh supply. This is important in certain 
machinery, as in the steam engine, and is as fundamental to 
animal mechanism as is the continuous lubricating action of 
the journal to mechanical contrivances.” 


Measurement of the Thickness of the Oil Film in a Journal 
Bearing.—Although the remarkable agreement between Pro- 
fessor Reynolds’ theory and the results of Mr. Tower’s experi- 
ments seems to demonstrate conclusively the correctness of 
the former (as well as the accuracy with which the latter were 
made), it was thought that it might be interesting to confirm 
Professor Reynolds’ conclusions in an entirely independent 
manner, t. e., by directly measuring a, the difference in radii 
between journal box and shaft, under different conditions of 
load, velocity and temperature. Professor Reynolds considers 
that there is no method by which this can be directly accom- 
plished; but it occurred to the writer that it might be indi- 
rectly done with considerable accuracy by measuring /, the 
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mean thickness of the oil film. In 1888, I spent considerable 
time in devising plans by which the problem might be experi- 
mentally attacked under actual working conditions. Of the 
methods which suggested themselves at the time, that which 
seemed the most promising and practical was to measure the 
electrical resistance between the box and the shaft when the 
latter was in motion and at rest. In the latter case the shaft 
is practically in metallic contact with its box, and the resist- 
ance is very low; but in the latter, when it is separated from 
it by a thin film of oil, the resistance will be raised by an 
amount depending on the thickness of the film. In order to 
determine from the measured resistance the thickness of the 
film, it is necessary to know the specific resistance of the oil 
and its temperature coefficient, and the temperature and area 
of the oil film. : 

It is further necessary to know whether the thickness of 
the film is uniform, or, if not, in what way it varies. 

As regards the general temperature of the oil, ¢,, this ts 
easily determined by means of a thermometer placed in a deep 
cuvity in the metal of the box or shaft, as near the bearing 
surface as possible, the cavity being filled with water, or pre- 
ferably mercury; or directly in the oil-bath surrounding the 
shaft, as in Tower's experiments. The mass of the metal sur- 
rounding the bearing surfaces is so great in comparison with 
the mass of the oil, and its conductivity is so high, that the 
temperature recorded by this thermometer could be but very 
little lower than the temperature of the oil film itself, which is 
the seat of the heating. This last can also be directly deter- 
mined in the manner indicated by Reynolds, from measure- 
ments of the friction, f. The area of the film is, of course, the 
tctal area of the bearing between box and shaft. The point 
most difficult to deal with is that of the variation in the thick- 
ness of the film over the bearing surfaces. Two distinct 
causes, which may be classed, respectively, as irregular and 
regular, tend to introduce differences in thickness between 
different parts of the oil film. ‘The first includes such irregu- 
larities as are due to roughness or inequalities in the surfaces 
of the box or shaft, or to the introduction of particles of metal 
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by abrasion, etc. The first cause of irregularity may be avoided 
by choosing for the experiments a shaft and journal box 
which have first been carefully fitted to each other, and then 
allowed to run together (first in one direction, then in the 
other), a sufficient length of time under light pressure to pro- 
duce perfectly smooth and polished surfaces; the second by 
carefully cleaning the box and shaft with benzine before begin- 
ning the experiments, and then during the measurements 
keeping the bearing continually supplied with clean, fresh oil, 
from a suitable reservoir. 

The regular causes of variation in thickness are, first, the 
differences in pressure in different parts of the journal box. 
The effect due to differences in pressure can be very nearly 
eliminated for the purposes of experiment by using two boxes 
and applying a pressure to the top box, which is equal to the 
pressure exerted-on the box by the weight of the shaft and 
attached mechanism, or by using, as was done in this case in 
the experiments which were begun, a Thurston oil-testing 
machine,* in which the journal brasses are brought together 
by a spring which acts simultaneously and equally on both 
top and bottom brasses. A further advantage of using this 
machine is that the work lost in friction and therefore the heat 
developed in the box in any given length of time may be 
conveniently and accurately measured in each experiment. 
The second cause of variation is that due to eccentricity of the 
shaft in the box, produced by the variation in the thickness 
of the film itself. If the bearings are perfectly fitted to each 
other when they are actually in contact (see Fig. 2), then when 
the two are separated slightly, the opening between the two 
‘is greater at the bottom, a, than at the edges b. In practice, 
however, the two are more likely to be concentric when 
slightly separated than when actually together, because that 
is the condition under which wear between the two takes 
place. (See Reynolds’ remarks, already quoted). Hence, 
if, as is nearly alwe ays the case, the box is softer than the shaft 


* For description see Professor Thurston’s ‘‘ Friction and Lost Work in 
Machinery and Mill Work,’’ John Wiley and Sons, New York ; also Pratt & 


Whitney’s Catalogue, 1893 ed., pp. 289-91. 
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and the two are allowed to run together any length of time at 
a given pressure equally applied to both boxes, the surfaces 
will at that pressure be nearly if not quite concentric, particu- 
larly if the sides of the box are slightly relieved, as shown in 
dotted lines in Fig. 2, and the direction of motion is frequently 
reversed. 


FIG. 2. 


In order to carry out this method of measuring the thick- 
ness of the oil film, it was first necessary to determine the 
specific resistance and temperature coefficient of the oil used 
in the experiments. This was done by the method.and with 
the results recorded in the supplement to this paper. The 
second part of the investigation, the measurement of the re- 
sistance of the film of oil in the journal bearing, had just been 
begun when the work was interrupted by my departure from 
the University to accept a Fellowship at Clark University. 
Since then, I have always hoped to be able to carry the work: 
tc completion, but the continued pressure of other duties, as 
well as the want of appropriate apparatus, has so far prevented 
me from taking it up again. As I am now permanently en- 
gaged upon other entirely different lines of investigation, I 
have decided to publish the account of the work already com- 
pleted, in the hope that the results so far obtained may not be 
uninteresting in themselves, and that some one who has a 
good oil-testing machine (like the Thurston) and the other 
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necessary apparatus (a low resistance galvanometer, box of 
coils, etc.,) at his disposal, may be sufficiently interested in 
the problem to continue the work along the lines indicated in 
this paper. 

Although the work was interrupted before the complete 
apparatus for the resistance measurements had been set up 
and put in working order, some interesting preliminary results 
hed been secured by placing an ordinary (comparatively in- 
sensitive) tangent galvanometer directly in series with a 
resistance box and the revolving shaft, a single gravity cell 
being used to furnish the current. Qualitative results were 
thus secured, showing that the resistance was measurably 
increased even when the pressure was very great and the speed 
very slow.* The deflection of the galvanometer decreased 
very rapidly (showing rapid increase of resistance) when the 


ZZ, 


FY 


FIG. 3. 


speed was raised or the pressure diminished. Under any one 
condition the deflection was as constant as could have been 
expected considering the conditions of the experiment, there 
being at the time no provisions for a constant supply of oil or 
for the maintenance of constant speed. The method, there- 
fore, seems a promising one. 


* This at least confirms Reynolds’ conclusion that a film of oil is always 
present between the moving surfaces. 
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ADDENDUM. 

While writing these notes, another plan of measurement 
has occurred to me which would be useful as a check on 
results obtained by the electrical method, although it has not 
the advantage of the latter in allowing results to be obtained 
under the same conditions as usually obtain in machine bear- 
ings. This would be to have a long conical bearing, Fig. 3, 
accurately fitted to a solid box B, whose longitudinal position 
with respect to the revolving shaft A can be accurately located 
by means of a microscope C, mounted on the box and focussed 
on a fine circumferential line on the shaft. The thickness of 
the oil film in this case is determined by the longitudinal 
motion of B on A. Differing pressures between shaft and box 
may be produced by a spring or weighted lever acting on the 
end of the box at P. 

YERKES’ Ornservatory, Marcu, 1897. 


[ Zo be concluded.) 


NOTES anp COMMENTS.* 


PROPOSED SHIP CANAL FROM THE BALTIC TO THE BLACK SEA, 


The Russian government is said to be seriously contemplating the con- 
struction of a great ship canal between the Baltic and Black Seas, entirely 
through Russian territory, to connect the northern and southern portions of 
the empire. The military value of such a canal in permitting of a concentra- 
tion of all the available naval force of the empire at one or the other of these 
points would unquestionably prove of the highest importance ; but, in addition 
to this obvious advantage, it is believed that its value to the agricultural and 
industrial interests of Russia would be scarcely less important. 

We reproduce from the New York.Sua the following data bearing on the 
subject : 

After a thorough study of the various possible roads, one has been selected 
as the most practical, running, as it does, entirely through Russian territory. 
On the plan selected there are no great difficulties of level to be overcome, 
although the European watershed summit has to be crossed, but this last takes 
place at one of its lowest points. 

The proposed canal’s entrance will be on the Gulf of Riga, at the mouth of 
the River Duna. It will follow the course of this river up to a point above Duna- 
bourg. Then, leaving this valley, it reaches the Berezina River by a straight 
cut and passes through Babrouisk. This brings it into the Dnieper, and fol- 


*From the Secretary’s monthly reports. 


—— 


Dec., 1897.] Notes and Comments. 463 


lowing this natural. declivity it reaches the Black Sea, opening into a mag- 
nificent roadstead below the Kerson. The total length of this colossal water- 
way will be something like 1,600 kilometers (about 1,000 miles), and it will be 
excavated to a depth of 8% meters (about 27 feet). This will allow the larg- 
est iron-clads to navigate it freely from one end to the other. The estimated 
cost is put down at $500,000,000. 

Its strategic importance does not need demonstration. By the selection of 
a course running at a safe distance from the frontier, it places back of the 
Russian forces stationed in Poland an unassailable base of operation. Fully 
protected already by a whole network of fortifications and railways, this canal 
is intended to act as a feeder for all the war material. As to the concentration 
of the whole Russian fleet in the Black Sea, this means an absolute control of 
Constantinople and the Strait-. 

But if this enterprise is of the utmost importance in a military point of 
view, it will also prove unquestionably very beneficial to the agricultural and 
industrial interests of the country. It places vast grain-producing regions in 
cheap communication with Odessa; the chief point of export, while the 
immense coal fields of Southern Russia will come into easier connection with 
the industrial districts of Poland. There are reasons, too, to believe that new 
factories will develop along the canal on account of the cheapness of this new 
mode of transport. If this scheme has been adopted, there is no doubt that 
the Russian tenacity will bring it to success. 


TELEGRAPHY WITHOUT WIRES. 


The following intelligent summary of the present status of the problem of 
telegraphy is condensed from a recent editorial utterance of the Sciendific 
American, and will be found of interest : 

Nikola Tesla has lately announced that he has completed his wireless tele- 
graph to such an extent as to permit of telegraphy through the earth for a dis- 
tance of twenty miles or more, and his experiments satisfy him of the feasibility 
of wireless telegraphy on a much more extended scale. In fact, he aims at 
nothing less than the establishment of a system of telegraphy that shall 
include the whole earth, and by which items of news may be distributed from 
one political or commercial center to every other such center throughout the 
world. This, Mr. Tesla claims, is possible without the interference of one set 
of signals with another. 

He has constructed and tested both transmitting and receiving apparatus, 
and has found that a surprisingly small expenditure of energy is required. 
It is impossible, at this writing, to secure details of the apparatus, but it is 
known that he utilizes the static equilibrium of the earth. This he disturbs 
at one point, making signals which can be distinguished at one or more dis- 
tant points. 

In his earlier experiments in high frequency currents Mr. Tesla attained a 
frequency of 10,000 per second ; now 2,000,000 oscillations per second is not 
deemed extraordinary. It is said that the success of the system is assured, 
but he will not come before the public until every detail is completed. It is 
understood that the transmission of power from place to place by means of a 
similar system is contemplated. 
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While Mr. Tesla has been wrestling with this great problem in this coun- 
try, Mr. Marconi, a young Anglo-Italian, has been working on the same line in 
England under the direction of Mr. Preece. It is reported that Mr. Preece 
has succeeded in telegraphing with certainty and sufficient rapidity from Pen- 
arth to Weston-super-Mare, a distance across the water of seven or eight miles, 
without wires, and it is believed that this distance can be greatly extended. 

It is said by 7he Eugineer that the apparatus devised by Marconi is 
extremely ingenious, and has for its object the getting out of the Hertzian 
vibrations sufficient work for telegraphic purposes. The apparatus comprises 
a transmitter and receiver. The former consists mainly of a small Ruhmkorff 
induction coil excited by a couple of battery cells. The secondary or high 
tension wires terminate each in a metallic ball. Between the two balls is 
placed a cubical box containing oil. In the opposite sides of the box are fixed 
two brass balls, oil-tight, so that one-half of-each ball is in the oil in the box 
and the other half outside of the box. The balls do not touch. The whole 
arrangement has been designed by an Italian professor, Righi. On sending a 
a current through the induction coil, Hertzian vibrations are set up in the 
balls and communicated to the ether. The oil has a peculiar effect, acting as 
a species of brake, the rapidity of the wave vibrations being only about one- 
half of that stated by Dr. Lodge. These vibrations are then given off into 
space all around in every direction. So far as known, nothing save metals 
appears to be opaque to them, and here, therefore, we have an analogy with 
the Roentgen ray. 

Marconi's receiver consists of a tube about 4 inch in diameter and 3 inches 
long, in which are two silver plugs terminating in wires, the ends of which are 
soldered to the silver plugs. The wires are fused into the glass, The tube is 
exhausted to a near approach to absolute vacuum. The faces of the two silver 
plugs are very close to each other, and the space between is filled up with an 
impalpable metallic dust. On the nature of this dust much depends. It must 
suffice to say that there are in it three constituents, one of which is nickel. 
Under ordinary conditions this powder will not conduct electricity, save feebly. 
Its resistance is very high. If a Hertzian ray falls on the little tube, the dust is 
polarized like the filings in a Hughes test tube, and the powder becomes a 
conductor. It will be seen at once that we have here a make and break which 
can be acted on from a distance, and an ordinary Morse sounder does the rest. 
But matters, after all, are not quite so simple. It is easy to dispatch into 
space Hertzian waves at intervals corresponding to dots and dashes, but the 
powder in the receiver, once polarized, remains polarized. To get over this 
obstacle, a tiny hammer is so arranged that, the moment a current passes 
through the tube, the hammer taps the side of the tube and depolarizes the 
powder ready for the next signal. 

There is nothing in common between ethereal or wireless telegraphy and 
telegraphy by induction ; the phenomena are wholly distinct. The Hertzian 
radiance is akin to light, and the polarization of the powder in the receiver 
finds its analogue in the molecular change which is wrought by light in a 
sensitized plate. 
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THE EXPORTATION OF AMERICAN TIN PLATES. 


- The /ron Age is our author ty for the interesting statement that the 
- American Tin Plate Company, of Elwood, Ind., has begun the shipment of 
tin plate to Europe, on regular orders, the first carload of 500 boxes (first 
5, quality ) having been shipped on an Italian order, on August 11th. A similar 
; order, we are informed by the same authority, is being filled for England. 

” The /ron Age makes some suggestive comments on the facts above named, 
n which are sufficiently interesting to print. 

wd ‘* A few months since, the /ron Age printed a brief item crediting one of the 
ff largest metal merchants in the country with the statement that we would be 
h exporters of tin plate in two years. The gentleman in question had excep- 
” tional opportunities for observation. But to the great majority in the trade 
d the movement is most surprising, as tin plate is one of the few iron and steel 
= products in the manufacture of which the American works were supposed to 
le be still feeling to some extent the competition of foreign brands. The appear- 
ance of American tin plate in England will make the cup of bitterness more 
os unpalatable than ever, which is now being held to the lips of the Welsh tin 
as plate manufacturers. 

“4 ‘‘The progress which is thus shown to have been made in the American 
to tin plate trade is almost beyond belief. Prior to 1890 no tin plate was made 
1s here, and the prospects for the establishment of a tin plate industry seemed 
rh very remote. After the enactment of the McKinley tariff a few small plants 

were started, but the business began in a discouragingly slow way. Many 
es who had been ardent advocates of a high tin plate duty, in the belief that 
vad capital and skill were impatiently waiting to rush in as soon as the proper 
ad encouragement was afford:d, were dismayed at the apparent apathy of the 
” sheet manufacturers who had been expected to build tin plate factories as 
- adjuncts to their mills. It was not until 1892 that the industry may be said 
ist to have really made a good start, and it was then seen that the builders of the 
1. new business would be largely men who had not been prominent in the sheet 
7: trade, and in notabie instances not even connected with the iron trade. It 
is may be claimed that in the comparatively short period of five years this coun- 
bug try has not only built up atin plate industry great enough to meet its own 
ch requirements, but of such strength as to appear tentatively in the markets of 
at. the world. The announcement of such an achievement must be gal and 
to wormwood to those who persistently asserted, as late as 1894, that there were 
he no tin plate factories in this country, and never would be. 
on “It is eminently fitting tha: the beginning of an export tin plate trade 
ee should be made by a company named the American Tin Plate Company. 
he Wherever the products of that company may go they will constitute a procla- 
mation of their origin in themselves. 

nd ‘‘ We have many euphonious names in the tin plate trade, and mavy exceed- 
ons ingly attractive names have been adopted to designate the various brands ; but 
~ of all the list, none could so happily form pioneers in the foreign trade.” 
a 


HIS SECRET DIED WITH HIM. 


‘In the death of Mr. Herbert E. Fowler, which occurred recently at Nau- 
gatuck, Conn., the secret of electrically depositing copper upon wood or 
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other rigid or semi-rigid substance is said to have been lost. This process was 
made possible by coating the substance which was to be plated with copper 
with a liquid preparation, the secret of which was known only to Mr. Fowler. 
Every means had been used to induce him to patent the invention, but he 
declined to do so, fearing that he might lose the value of it in some way. The 
invention, it is stated, gave much promise of commercial value.”’ 

The foregoing statement is clipped from the pages of one of our leading 
electrical journals, It is a charitable presumption that the item was filled in 
as padding in response to the compositor’s demand for copy, On no other 
supposition could so erroneous a statement be excused. The art of electro- 
plating on wood, plaster compositions, and even on textile fabrics, is thor- 
oughly well known to the trade, and is very widely praeticed. : Ww. 


LONG-DISTANCE TELEPHONY AND THE RAILROADS. 


The Electrical Engineer has the following of general interest : 

“It does not seem within the scope of the ordinary human understanding, 
says the Cincinnali Enquirer, that the immense passenger traffic of a railroad 
of the marvellous extent of the Pennsylvania Company, or any similar line, 
could be visibly affected by the long-distance telephone. Such a statement 
ordinarily would be received with ridicule and laughter by the common rail- 
road officials, and treated with contempt by the higher authorities. Yet, no 
lesser personage than James McCrea the head of the Western branches of the 
Pennsylvania system, told President M. E. Ingalls, of the Big Four and Chesa- 
peake & Ohio Railroads, this week, that the business of the famous limited 
train of their company had been practically ruined by this instrument. These 
two gentlemen met yesterday in consultation in reference to commercial 
relations between the two lines, and during their negotiations the subject of 
the falling off of the passenger traffic of the country was brought up. Various 
reasons were given, when: Mr. McCrea made his decidedly sensational state- 
ment. It is well known that the Pennsylvania Limited was originated and 
run in a measure for the benefit of the brokers and business men of Chicago 
and the Northwest, who needed quick action in the matter of travel. The 
trips to New York were taken upon occasions of utmost importance, when time 
meant thousands of dollars. By means of the Limited the broker or business 
man was taken to New York in the quickest possible way. There was no delay 
in getting there; it meant rapid business talk, and equally as quick a return to 
Chicago. The business man was willing to pay the price assessed for the 
development in rapid transit displayed by the Limited. 

“Then came the introduction of the long-distance telephone. People 
were slow in realizing its benefit. Slowly but surely they have, however, 
acquired its significance. A broker in Chicago or a grain dealer in that city 
has an idea for a big deal; he telegraphs to New York asking for certain 
information: ‘Call me up by long-distance telephone and give me your 
answer.’ The result is that for $15, perhaps $20, a talk is held with the New 
York man. He has had an opportunity to concentrate his expressions to the 
shortest possible statement ; he has even jotted it down, and at the proper 
time calls up his man and transacts business. So it is done every day. Mr. 
McCrea gave as an evidence that in the past he found it necessary to spend 
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twenty days in the month on the road, leaving but ten days of his time at 
home. By aid of the long-distance telephone now he has reversed matters ; 
it requires but ten days of his time upon the road, giving him twenty days at 
home. The matter, when it came to the attention of an Enquirer representa- 
tive, was presented to various business men upon the Chamber of Commerce 
and upon Third Street. Half a dozen grain men, who have been in the habit 
of making two and three trips a week to Chicago, said: ‘Oh, yes, that has 
been the case with me; I have, for $3 or $4, been able to transact business 
which otherwise meant a trip to Chicago or St. Louis.’ The same way with 4 
commission dealers and brokers. They indorsed the statements of the grain 
men, and stated that the telephone had saved them numerous trips. The 
financial brokers and bankers of Third Street use the telephone continually | 
now ; in fact, it is quite the feature of several of the more prominent brokers i 
since they have their long-distance telephone connections, but it has never 1 
become so prominent a factor in railway circles as has been stamped by Mr. 
McCrea’s utterances. If it practically interferes with a great train like the 
Limited, a revolution is certainly taking place in railroad affairs.’’ 


THE MULHOUSE INDUSTRIAL SOCIETY’S PRIZES. 


The Société Industrielle de Mulhouse gives two principal prizes of 5,000 
francs each, at intervals of ten years, for discoveries or inventions held to be 
most usful to Alsatian industries. The next award of one of these prizes will be 
made in 1899. Other prizes, principally medals, are annually awarded for less 
important advances in the industrial arts, while money prizes are awarded to 
workmen, with a view to encouraging the growth of economy and the family 
affections among them. Among the next awards of interest to engineers is a 
medal and 500 francs for the best memoir on a new and advantageous method 
of constructing factory buildings. A medal is offered for a boiler, giving an 
efficiency of 80 per cent., capable of being worked efficiently at varying out- 
puts, and to cost for maintenance not more than elephant boilers of the same . 
power. Another medal is offered for a satisfactory integrating indicator. 
Similar awards are offered for new and reliable methods of steam heating. 
and for large gas engines, while medals and money prizes of 500 francs each are 
offered for a research on the flow of steam in pipes and for a self-registering 
pyrometer. 


BOOK NOTICES. 


Engineering Contracts and Specifications, including a brief synopsis of the 
law of contracts, and illustrative examples of the general and technical 
clauses of various kinds of engineering specifications. Designed for the 
use of students, engineers and contractors. By J. B. Johnson, C.E., Pro- 
fessor of Civil Engineering, Washington University, St. Louis, Mo.; mem- 
ber of the Institution of Civil Engineers ; member of the American Society . 
of Civil Engineers ; member of the American Society of Mechanical Engi- if 
neers, etc. Engineering News Publishing Company, New York. Price, 7 
$4.00. 
Schools of engineering are frequently, perhaps justly, charged with failure 7 

to provide their students with a working knowledge of the practical side of the if 

engineering profession. 
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In this volume Prof. Johnson has taken a notable step toward lifting this 
reproach. In furnishing an admirable and much-needed discussion of the 
matters embraced in the title, he has performed a valuable service, not only 
to the students, but to the practising ev gineer. 

It is, perhaps, a matter of congratulation, that, as stated in the preface, 
‘* the author makes no pretension to a knowledge of the law ;’’ for, in Jaw, as 
in other matters, it is apt to be the layman who can best appreciate his fellow- 
laymen’s difficulties, and who can best decide and supply what they require. 
While the reader is referred to his attorney, or to treatises on law, for advice 
and information in important cases, the author, who “ has attended lectures in 
this field in the St. Louis Law School (a department of Washington Univer- 
sity ),’’ appears to have succeeded admirably in giving an outline of those legal 
principles with which every engineer should be familiar. 

_The sample specifications, which usually make up a large portion of such 
works, are well chosen from the modern practice of noted American engineers, 
and carefully edited ; but the chief merit of the work is in its very thoughtful 
discussion of the engineering and legal principles underlying the many gen- 
eral and specific clauses of which specifications are necessarily made up. 

The work bears, throughout, the impress of careful, intelligent and con- 
scientious labor, and those who have occasion to prepare specifications for 
important work cannot afford to be without it. Se oe 


A Text-book of the Principles of Physics. By Alfred Daniell, M.A., etc. 
(Third Edition). New York: Macmillan & Co. John Wanamaker, Phila- 
delphia. 

Daniell's work is one of the few treatises on physics which have received 
general recognition as standard text-books in English. 

The edition above named is the latest, and it will be found to contain an 
exposition of the principles of the science, in the light of the most recent 

advances made therein. W. 
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Franklin Institute. 


[ Proceedings of the stated meeting held Wednesday, November 17, 1897.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 17, 1897. 


MR. JOHN BIRKINBINE, President, in the chair. 


Present, 102 members and visitors, 

Additions to membership since last report, 25. 

The President made some remarks on the approaching completion of the 
work of stacking the library in the newly arranged fire-proof quarters that 
have been prepared for the purpose, and urged upon the members the desira- 
bility of bringing the change to the notice of their friends. 

Mr. Chauncey N. Dutton, of New York, was introduced by the President 
as the first speaker of the evening. Mr. Dutton gave a description, illustrated 
with the aid of a working model and numerous detail drawings, of a pneu- 
matic lock for canals, involving a system and apparatus of his invention. 

The remarks of the speaker were devoted specially to a lock of this char- 
acter (62% feet lift) which he had designed for Lockport, New York, and 
which had been approved by the Canal Commissioners of the State of New 
York. The subject evoked a lengthy discussion, participated in by Messrs. E. 
A. Scott, Spencer Fullerton, G. M. Eldridge, Joseph Richards, Theo. D. Rand, 
the President and Mr. Dutton. 

On Mr. Fullerton’s motion, duly seconded, the subject of the paper was 
referred to the Committee on Science and the Arts for investigation and 
report. 

Mr. Wm. C. Henderson, by invitation, presented a communication ‘‘On 
Kryolith, its Mining, Preparation and Utilization.” The communication was 
illustrated with the aid of a series of lantern slides. 

The Secretary called attention to a method of determining the density of 
smoke from furnace chimneys, devised by Dr. Ringelman, and illustrated the 
system with the aid of a lantern slide. 


Adjourned. 
Wo. H. WaAuL, Secretary. 


COMMITTEE on SCIENCE AND THE ARTS. 


[ Abstract of proceedings of the stated meeting held November 3, 1897.) 
Mr. JAMES CHRISTIE in the chair. 

Reports on the following subjects passed first reading : 

Perpetual Power with Manageable Air-Ship, J. A. Klefier, Philadelphia 

The Duplication of the Cube, Charles Morrell, Chicago, Ill. 

Investigations with the Electric Furnace, Henri Moissan, Paris, France. 

Improvements in Tidal Powers, Ernst Markmann, Philadelphia. 

Franklin Medal’’ Foundation (Institute), 


469 
is 
1e 
y 
a 
e. 
in 2 
r- 
al 
s, 
al 
n- 
or 
c. 
a- 
-d 
in 
nt 
4 
4 
— 


470 Science and the Arts. (J. F. 1, 


Reports on the following subjects were adopted : 

All- Wrought-Steel Pulley, Thomas Corscaden, Philadelphia. Reserved for 
publication in full. 

Percussion Wheel.—Francis M. F. Cazin, New York. 

ABSTRACT .—This invention applies to water-wheels of the percussion 
type, and the improvements relate to the crown of the wheel, to the water- 
buckets to be connected in pairs to the said crown, and to the manner of con- 
necting these pairs of buckets with the said wheel crown. 

More specifically : 

(1) The improvements relate to the peculiar form given to the concavity 
of each bucket, for the purpose of securing to the water-jet, striking them 
under head, a regular curved or segmental line of contact in whichever of the 
possible directions the water may strike them while they recede from the 
nozzle as the wheel is revolving ; and 

(2) To the arrangement of pairs of these buckets to the effect of being in 
immediate contact with one another as pairs, each of the pairs having the 
same regular cavity, with no division or interruption by a ridge or projec- 
tion, and with no difference to distinguish between them as right and left, 
with no cutting away of either front or side walls, and with no rim or wheel- 
ring or wedge between them, but provided with a superstructure by which 
the jet is divided into halves even before it touches the buckets; all for the 
purpose of effecting such a division of jet on as sharp an angle as possible. 

The report finds that the Cazin improvements do not embrace the princi- 
ples upon which the wheels known as impact wheels, jet-wheels, etc., oper- 
ate, but are confined to the construction of the buckets and the application of 
the jet by which provision is made. 

(1) For dividing the jet ona line parallel with the shaft of the wheel, and 
this first division into another and inner part, this being so precisely regulated 
that, while the top of each vane causing the first division passes through the 
jet, the interrupted inner part is guided into the vane and is— 

(2) There divided into halves on a line at right angles to the first (top) 
line of division, and in the central plane of rotation, being then distributed 
between two bucket cavities, where each half is made to serve the purpose of 
force transmission by being uninterrupted by and completely immersed in its 
direction of flow on true curves. 

Applicant claims that the form and arrangement of buckets adopted by 
him are derived from mathematical calculations, and that by their use only can 
there be accomplished the complete and permanent inversion of flow of 
force jets. The constructive lines thus developed by the applicant have been 
made the subject of letters-patent of the United States, No. 578,812, March 
16, 1897. 

In the absence of data derived from comparative tests of efficiency of the 
Cazin and other forms of impulse wheels, and in view of the circumstance 
that circular lines for buckets have long been known and described in treatises 
on hydraulics as the ideal form to realize a complete inversion of the jet, the 
sub-committee charged with this investigation fails to find ground for a 
favorable report. [.Sub-Commitiee.-Wm. M. Barr, Chairman; John E. 
Codman, Chas. G. Darrach, Henrik V. Loss. ] 

Balanced Locomotive Driving Wheel.—Philip Z. Davis, Philadelphia. 
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AssTract.—This applicant claims a system of balancing for the revolving 
and reciprocating parts of a locomotive driving-wheel, consisting in the use and 
special disposition of two counter-weights. The arrangement is disclosed in 
U. S, letters-patent Nos. 578,597-8 and 9, dated March 9, 1897, to which ref- 
erence is made for details, of which it is difficult to make an intelligible 
abstract. 

The report of the Sub-Committee is unfavorable to the applicant’s claims, 
and concludes with the statement that ‘the problem of counter-balancing 
the reciprocating parts of a locomotive and the revolving parts at the same 
time, is as far from solution as ever.” [Sub-Commitice.—Wilfred Lewis, 
Chairman ; Henry F. Colvin, Hugo Bilgram, S. M. Vauclain, Wm. P. Evans. ] 

Combination Book-Shelf and Book-Support.—August Lundberg, Worces- 
ter, Mass. 

ABSTRACT.—This is a movable book-support to be used on book-shelves to 
keep a row of books upright when the shelf is not full. It is made of sheet 
metal, bent at right angles, the one part to stand vertically for the book to 
rest against, and the other to lie flat upon the shelf, and upon which the 
weight of the book or books rests. The special difference between the Lund- 
berg invention and others of its class consists in the fact that it does not de- 
pend upon the weight of the book’ to keep the support in the right position 
to hold the books upright, but has the horizontal arms formed of metal suffi- 
ciently thick to allow them to act as tongues to traverse in grooves formed on 
the face of the shelf, to make the support slide always parallel with the length 
of the shelf, and to keep the support from being pushed backward or forward 
by the removal or insertion of books. 

The report finds that the Lundberg modification is not a desirable one, for 
the reasons that it adds both to the cost of constructing the shelves and of the 
support itself, and would make the shelves more destructive to the books. 
[Sub-Commitiee.—Henry R. Heyl, Chairman ; Spencer Fullerton. ] 

Pneumatic Pyrometer.—Uehling & Steinbart Co., Ltd., New York. 

The object of this invention is to produce an instrument for accurately and 
continuously indicating high temperatures. The principle involved is the law 
of the passage of gas or air under a constant forced flow through small apertures. 
In the provision of a device for effecting this object, its primary feature is the 
forcing of air or gas through two successive small apertures, whereby the tension 
between them will remain constant so long as the temperature of the passing 
fluid remains equal and constant at both apertures, and whereby a change of 
temperature at either one or the other of the apertures will also cause a change 
of tension between them. If, therefore, the fluid as it passes through one of 
these apertures is made to vary with the temperature to be measured, while 
at the other it is constantly kept at a certain normal temperature, then the 
variation of the tension between the apertures will be a measure of the degree 
of heat the air has at the time of entering into the space or conduit between 
and connecting the two apertures, and hence of the temperature to be 
measured. For carrying out this operation and obtaining this result, the 
invention consists of certain novel parts and combinations of parts, for the 
detailed account of which reference is made to the full text of report, or to 
U. S. letters-patent granted to Edward A. Uehling and Alfred Steinbart, No. 
11,413, April 17, 1894. 
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The report of the sub-committee finds that the principle on which this pyro- 
meter acts is theoretically correct, and has not heretofore been applied to this 
purpose, and that the instrument in actual use is very satisfactory. The John 
Scott award is therefore recommended. [Sub-Committee.—H. W. Spangler, 
John Hartman, A. E. Outerbridge, Jr. ] 

Holophane Globes.—Geo. A. Macbeth Company, Pittsburgh, Pa. 

ABSTRACT.—The object of this invention is to secure diffusion of the light 
by means of a transparent globe of such construction as to insure that the 
light usually lost by being sent off into the space above the horizontal plane 
passing through the source of the light, shall be distributed in the space below 
that plane and thus be made useful. To effect this result the principles of 
reflection and refraction are called into service, and the contour of the globe 
is given a form such that these principles are made available. 

The details of the special construction of these globes cannot be intelli- 
gently understood without the aid of illustrations, and the reader is accord- 
ingly referred to the full text of the report, or to the letters-patent of the 
United States, No. 563,836, July 14, 1896, granted to the inventors, Messrs. 
Andrée E. Blondel and Spiridion Psaroudaki, of Paris, France. 

The report of the investigating sub committee finds that MM. Blondel and 
Psaroudaki have invented a globe that secures much better diffusion and more 
satisfactory distribution of light than any other globe known to the com- 
mittee ; that its manufacture on the commercial scale has been satisfactorily 
accomplished, and that the invention has made a distinct improvement in the 
diffusion and distribution of artificial light. 

The John Scott award is therefore recommended to the inventors. [Swé- 
Committee.—George A. Hoadley, Chairman ; George F. Stradling, George U. 
G. Holman, Edward A. Partridge, George Strawbridge, Clayton W. Pike. } 


SECTIONS. 


MINING AND METALLURGICAL SECTION.—Stated meeting November 10, 
Mr. Benj. Smith Lyman, President, in the chair. 

Mr. John Gifford, Princeton, N. J., presented a communication on 
‘* Forestry as Related to Geology and Engineering.”’ 

Mr. Wm. C. Henderson, Secretary of the Section, read a paper on 
‘‘Kryolith : its Mining, Preparation and Utilization,’’ illustrated with lantern 
projections of views of the mining of kryolith at Ivigtut, Greenland, and 
with specimens of the raw material, and various products manufactured there- 


from. 
CHEMICAL SECTION.—Stated meeting November 16th, Dr. Lee K. Frankel 


in the chair. 

Dr. Bruno Terne read a paper on ‘‘ Ammonia and its Sourceg.”’ 

ELECTRICAL SECTION.—Stated meeting November 23d, Mr. Clayton W. 
Pike, President, in the chair. 

Mr. W. E. Harrington read a paper on “‘ Railway Bonding.” 

Mr. J Lester Woodbridge, of New York, addressed the Section on ‘The 
‘Booster’ System as Applied to Electric Railways.” 

[The papers above-named will appear in full in the Journal in due course. ] 
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Projection Apparatus 


Everybody knows about our apparatus for projecting pictures. We wish to inform 
ou that we also make a line of instruments for projection which can be used for scientific 

investigation. 

Our Projection Spectroscope is not a prism simply stuck up in front of a lantern,)but an 
instrument as carefully studied as any made by Kiiss. ow 

Our Projection Polariscopes read to minutes, and have all the accessories which scien- 
tists have found needful. 

For those interested in rock sections we offer special apparatus for demonstration. 

We have the best of facilities, the most skillful of workmen. Our prices are right and 
we guarantee the performance, 

Write or call for information. 


J.B. COLT & CoO. 


PRINCIPAL OFFICES: 115-117 NASSAU STREET, NEW YORK. 
BRANCHES: CHICAGO AND SAN FRANCISCO 


FRANKLIN INSTITUTE DRAWING SCHOOL. 


Mechanical, Architectural and Free-hand Drawing. 


EVENING CLASSES ONLY. 
Next term will begin Tuesday Evening, January fi, 1898. 


Apply to the Actuary, 15 S. Seventh St., Phila. 
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MANUFACTURED BY 


CEO. V. CRESSON CO. 
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BEMENT, MILES & CO. 


PHILADELPHIA, PA. 


MANUFACTURERS OF 


TOOLS 


FOR RAILROAD SHOPS, LOCOMOTIVE 
AND CAR BUILDERS, MACHINE SHOPS, 
ROLLING MILLS, STEAM FORGES, SHIP ~ 
YAROS, BOILER SHOPS, BRIDGE WORKS, 
ETc., ETC. 


Steam Hammers, Steam and 
Hydraulic Rivet‘ng Machines. 


NEW YORK OFFICE, 
39 CORTLANDT STREET. 


CHICAGO OFFICE, 
1534 MARQUETTE BUILDING. 


POWER Frou From (ZASOLINE 


DIRECT FROM THE TANK. 


Gheaper than Steam, 


J} No Boiler. No Steam. No Engineer. 
y Unexcelled for ranning Elevators, 


ood Tools, Printing Presses, or any 
kind of Machinery. 


OTTO GASOLINE ENGINES 


Stationary or Portable. 
1 to 250 H. P. 8 to 20 H. P. 


POWER FROM ARTIFICIAL or PRODUCER 


Coal Gas Consumption 15 to 20 cubic feet per H. P. per hour, 
according to quality of Gas and size of Engine. 

Producer Gas, one pound of Anthracite Pea per H. P. per hour. 
Send for Catalogue, Prices, etc., describing work to be done. 
THE OTTO GAS ENGINE WORKS, INc., 

OVER 45,000 soLp. 83d and Walnut Sts., Philadelphia. 
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SOUTHWARK FOUNDRY AND 


PHILADELPHIA, PA. 
Sole Makers of the 


Porter-Alllen Automatic Engine 
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Engine: 


| SIMPLICITY OF DESIGN 
HIGHEST ECONOMY OF 
STEAM 
CLOSE REGULATION 
OF SPEED 
MINIMUM FLOOR 
SPACE 


Also Builders of 


BLOWING ENGINES 
REVERSING ENGINES 
CENTRIFUGAL PUMPS 
WATER WORKS PUMP- 
ING ENGINES 
WEISS COUNTER- 
CURRENT CONDEN- 


MORSE, WILLIAMS ree 


and Builders of 


Electric, Belt and 
Passenger and Freight 


ELEVATORS 


05 Frankford Ave., one | Works: { Frankford Ave., Wildey 


Jul 
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PHILADELPHIA, PA. 


108 Liberty Street, New York. 19 Pearl Street, Boston. 
82 Church Street, New Haven. 4 E. Lexington Street, Baltimore. 
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Wn. Sellers & Co. 


INCORPORATED. 
PHILADELPHIA, PA. 


Machine Tools for Working Iron and Steel, 


PLANERS, DRILLING AND BORING MACHINES, LATHES, ET%. 


Steam and Hydraulic Riveters, Steam 


Hammers, 


PUNCHING AND SHEARING MACHINES, BENDING ROLLS, PLATE 
PLANERS, ETC. 


Improved High Speed Travelling Cranes. 


POWER SWING CRANES. 


Turn-Tables. 


Shafting, Pulleys, Hangers, Etc., Etc. 
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Improved Testing Machines, 
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The Lehigh University. 


THOMAS MESSINGER DROWN, LL.D., President. 


Courses in Civil, Mechanical, Electrical and Mining Engineering 
and Metallurgy, Chemis and Architecture. 
Also Classical and Literary Courses. 


The Annual Register and Circulars, describing in detail the courses 
and facilities of instruction, may be had by addressing 


THE SECRETARY OF LEHIGH UNIVERSITY, 
SouTH BETHLEHEM, Pa. 


EXTENSION BASE 


‘“*DOUBLE 
TRIPLE 
QUICK” 
STROKE 


SHAPERS 


Sein Double the number of 

=) strokes per minute 
over any other 

shaper made 


DOUBLE TRIPLE QUICK STROKE. 
WRITE FOR 


16” Extension Base Shaper. CATALOGS 


Gould & Eberhardt 


ALL HIGH-CLASS MACHINE TOOLS 
NEWARK, N. J. 


FROM | TO 40,000 POUNDS WEIGHT. 
Of Open Hearth, or Chester Steel. 
True to Pattern. Sound. Solid. 
Gearing of all Kinds, Crank Shafts, 


Knuckles for Car Couplers. 
Grose-Heads, Roekers, Piston-Heads, etc., for Locomotives. 
Steel Castings of Every Description. 


CHESTER STEEL CASTINGS CO. 


WORKS, CHESTER, PA. OFFICE, 407 LIBRARY 8T., PHILA., PA. 
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For special uses we are prepared to build 


GOMPRESSORS 


to deliver air or gas at any pressure that can be governed or 
utilized after leaving the machine. We have built compressors for 


ILLUMINATING HYDROGEN 
GAS CARBONIC ACID 
NATURAL GAS SULPHUROUS 
ACETYLENE ACID 
CHYMOGENE NITROUS ACID 
OXYGEN And AIR 


Compression can be carried, if desired, to the point of lique- 
faction when proper cooling is provided. 

Catalogues furnished to business men and engineers upon 
application. 


THE NORWALK IRON WORKS 60. 


SOUTH NORWALK, CONN. 
The Hendey-Norton Lathe Combines 


the Latest and Best Improvements. 

It 1s a Modern Lathe and has no 
Equal. Its Special Conveniences have 
each a particular Value and Merit. It is 
equally valuable in the Laboratory, the 
Tool Room or General Machine Shop. 

The Automatic Stop, Reverse in 
Apron, and Device for Feeds and Screw 
Cutting make it the most Complete Lathe 


A LINE OF OUR TOOLS IS ON EXHIBITION AT THE 
in use. PHILADELPHIA BOURSE. 


Tue Henpey Macuine Co., 
Send for Catalogue. Torrington, Conn.. 
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BOOKS. XMAS. 


ALL ABOUT ANIIMALS.—A collection of fine photo-engravings of 
animals and birds, with descriptive letterpress. 10% x 1, inches. Printed 
on fine pee and handsomely bound in half-roan, marbled edges. $3 50 net. 

THE THAMES ILLUSTRATED.—A beautiful collection of photo- 
engravings of The Thames, from Richmond to Oxford, with descriptive letter- 
press. Printed on plate paper and handsomely bound in half-roan, gilt 
lettered, French marbled paper sides, 4to. $3.50 net. 

FIVE CENTURIES OF FRENCH ORNAMENTATION.—Containing 80. 
beautifully colored plates, reproductions of designs, missals ornaments, panel 
work, etc., etc. Oblong, full leather. .00 net. 

SPON’S MECHANICS’ OWN K.—New edition. Handsomely 
bound in half-leather, cloth sides, marbled edges, 702 pages, 1,431 illustra- 
tions, 8vyo. The most complete work of its kind published. $3.co. 

WORKSHOP RECEIPTS.—A valuable encyclopedia, containing many 
a= articles on electrics, plating, watch and clock repairing, dyeing, polishes, 
acquers, fireworks, chemistry, stereotyping, enamels, photography, etc., etc. 
In 5 vols. Each volume is complete in itselt and can be had separately. The 
— work contains 2,383 pages and 919 illustrations. Single vols., $2 00. 
5 vols., $10.cc, 


NEW BOOKS AND NEW EDITIONS 
MINERAL OILS AND THEIR BY-PRODUCTS.—Including the recov- 
ery of acid and soda used in oil-refining, and a list of patents relating to appa- 
ratus and processes for obtaining and refining mineral oils. By I. I. REDWoOoD. 
336 pages. 66 illustrations, 8vo. cloth. $6.00. 
HYDRAULIC MACHINERY, with an introduction to hydraulics. By 
R. GorDON BLAINE, M.E. 383 pages, 272 illustrations, 8vo, cloth. $5.00. 
RAILROAD ENGINEERING.—Mechanical and Electrical. By J. W. C. 
HALDANE. 562 pages, 137 illustrations, and 5 folding plates, 8vo. $6.00. 
ELECTRICAL MEASURETSIENTS, A systematic treatise on. By 
HERSCHEL C. PARKER, PH.B. (Tutor in Physics, Columbia University, N. Y. ) 
120 es, 98 illustrations, 8vo, cloth. $1.00. 
ANSFORIMER DESIGN.—A treatise on their design, construction 
and use. By Gezorce ApAMs, E.E. With 34 diagrams, 12mo, cloth. $1.00. 


NEW EDITIONS 

THE ENGINEERS’ SKETCHBOOK of Mechanical Movements, devices, 
—- contrivances and details employed in the design and construction 
of machinery for every purpose. By THOMAS WALTER BaRBER. Third edi- 
tion, greatly enlarged. 335 pages, 2,603 illustrations, 8vo, cloth. $4.00. 

ASY LETTERING, A system of. By J. H. CROMWELL. New edition. 
Printed on fine plate paper and substantially bound in cloth. 50 cents. 

THE HYDRAULIC GOLD MINERS’ MANUAL. Second edition. 
Enlarged, with chapters on River Mining, and simple rules for the discrimi- 
nation of gems. Illustrated. 12mo, cloth. 

CHEMISTRY FOR PHOTOGRAPHERS.—By C. F. TownsEnp, F.C.S. 
140 pages, illustrated. 12mo, cloth. 75 cents. 

ARISING BUILDINGS, A practical treatise on. By CHas. Hoop. 
Rewritten by F. Dyz. Third edition, revised and much enlarged. 593 pages, 
369 illustrations, 8vo, cloth. $6.00. 


NEARLY READY 
BREWING CALCULATIONS.—Gauging and tabulation formule, tables 
and general information. By C. H. Bater, M.A., F.C.S. Vest-pccket edi- 
tion, 3 x 2 inches, 340 pages. 


SPON & CHAMBERLAIN 


PUBLISHERS AND IMPORTERS | 
12 Cortlandt Street NEW YORK 
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CATALOGUES, PRIGE-LISTS AND GIRGULARS 


Our Designs are tasteful. Our prices are moderate. Our facilities 
for promptly filling all orders, whether large or 
small, are unsurpassed. 


Printing also in German, French, Spanish or Italian 


(INCLUDING TRANSLATION.) 


EDWARD STERN & CO. 


(INCORPORATED.) 
BOOK, NEWSPAPER AND JOB PRINTERS, 


112 and 114 NORTH TWELFTH STREET, PHILADELPHIA. 
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The Boyden Premium. 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the 
FRanxIn Lnetrrurs the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and 
other physical rays, are or are not trans- 
mitted with the same velocity.” 


The following conditions have been established for the award of this Premium ; 
1. Any resident of North America, or of the West India Islands, may be a com- 
petitor for the Premium; the southern boundary of Mexico being considered as the 
southern limit of North America. 

2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the results: 
and all memoirs received by him before the first day of January, one thousand eight 
hundred and ninety-eight will, as soon as possible after this date, be transmitted to the 
Committee of Judges. 

3. The Board of Managers of the FRANKLIN INSTITUTE shall, before the first day of 
January, one thousand eight hundred and ninety-eight, select three citizens of the United 
States of competent scientific ability, to whom the memoir shall be referred; and tke 
said Judges shall examine the memoirs and report to the FRANKLIN INSTITUTE whether, 
in their opinion any, and, if so, which of the memoirs is worthy of the Premium. Ard, 
on their report, the FRANKLIN INsTITUTE shall decide whether the Premium shall] be 
awarded as recommended by the Judges. 

4. Every memoir shall be anonymous, but shall contain some motto or sign by which 
it can be recognized and designated, and shall be accompanied by a sealed envelope, 
endorsed on the outside with some motto or sign, and containing the name and ad- 
dress of the author of the memoir. It shall be the duty of the Secretary of the FRANK- 
LIN INsTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
memoirs is worthy of the premium, the corresponding envelope shall be opened, and 
the name of the author communicated to the INSTITUTE. 

5. Should the Judges think proper, they may require the experiments described in 
any of the memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of the 
FRANKLIN INsTITUTE, and shall be published as it may direct. 

Norgr,—The sealed envelopes provided for in condition No, 4, which may accom. 
pany unsuccessful me noirs, will be destroyed unopened, in the presence of Board 
of Managers. 
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THE 
STANDARD 


STEEL WORKS. 


Locomotive and Car 
| Wheel Tires. 


PHILADELPHIA, PA. 
METAL PLATE ENGRAVINGS 


Scientific, Artistic and Commercial Illustration, 


Models, Sketches, Designs, Photographs, &c. 


These plates are furnished in hard type-metal, ready for use in the printing press ; 
they are superior to wood-cuts, in accuracy and detail, and lower in price. 
We make a specialty of the manufacture of Illustrated Catalogues. ADDRESS, 


LAV CO. 
7th and Chestnut Sts., Philadelphia. 


G. MARTIN BRILL, President 
JouN A. BRILL, Vice-President Jas. RawLz, Secretary and Treasurer 


J. G. Brill Company 


.. Builders of.. PHILADELPHIA 


Railway and Tramway Cars 


WILLIAM CRAMP & SONS’ 


Ship and Engine Building 


PHILADELPHIA. 
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ATORSGS, 


PASSENGER AND FREIGHT 
FOR HOTELS AND BUSINESS HOUSES 
HYDRAULIC AND STEAM-POWER. 
PORTADLM HOISTS: AND ALL SINDS OF HOISTING 
MACHINERY A SPECIALTY. 


STOKES & PARRISH ELEVATOR CO. 


MAIN OFFICE: BULLITT BUILDING, PHILADELPHIA. 
New York Office, 18 Cortlandt St. Works, 30th & Chestnut Sts., Philadelphia. 


DOUBLE TUBE INJECTOR 


The most Complete and Reliable Boiler-Feeder known. 
No adjustment required for varying steam pressure. 


j Operated entirely by one handle. 
Will take hot water 
25 feet i ‘- up to 150 deg. Fahr, 


Send for Catalogues 
aie of Blowers and Ven- 
mame tilators and Air Com- 


Send for pressors 
descrip- POUNIVERSAL ex and Ex- 
tive cate PHil §6hausters 

logue. ~ for all 


purpos- 
Siphon Pumps for 


Exhaust Steam Induction Condensers 
other liquids. for all kinds of Steam-Engines. 


L. SCHUTTE & CO., Sole Manufacturers, 
TWELFTH AND THOMPSON STS., PHILADELPHIA, PA. 


CYRUS BORGNER, successor to 
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Machines for use by Bridge 
Portable Engine and Boiler Makers. 
Drillin ing, Boring and 
Por table Reamiy cae 


Machines for Wood Bo 
Portable Polishing and Emery Wheat 
Grinding. 


Stow Flexible Shaft Oo, 


> | LIMITED, 
20th, CALLOWHILL & BIDDLE STS, 
: PHILADELPHIA, PA. 


Established 1828. Incorporated 1876. 


I. P. MORRIS CO. 
Port Richmond Iron Works, 


PHILADELPHIA, 


MANUFACTURERS OF 


Machinery, Boilers and Tanks. 
Heavy Machinery a Specialty. 


ESTABLISHED 1840, 


HENRY TROEMNER, 
710 Market Street, - Philadelphia. 


MANUFACTURER OF 
m Assay Balances, 
Analytical Balances, 


Charticat Fine Weights, &c., &c. 


4@Price List on Application.-“@ 
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H, H. WESTINGHOUSE. Ww. W. Secretary. 
WESTINGHOUSE, General Manager. 


THE WESTINGHOUSE AIR BRAKE CO. 


PITTSBURGH, PA., U.S.A. 


MANUFACTURERS OF THE 


Westinghouse Automatic Brake. 


The WESTINGHOUSE AUTOMATIC BRAKE is now in use on 27,700 
engines and 410,000 cars. This includes (with plain brakes) 310,000 frei ht 
cars, which is about 30 per cent. of the entire Freight Car Equipment of t 

country, and about 80 per cent. of these are engaged in Interstate traffic, afford- 
ing the opportunity of controlling the speed of trains by their use on railways 
over which they may pass. Orders have been received for 257,000 of the 
improved quick-action brakes since December, 1887. 

The best results are obtained in freight train braking from having all the cars 
in a train fitted with power brakes, but several years’ experience has proven con- 
clusively that brakes can be successfully and profitably used on freight trains where 
but a portion of the cars are so equipped. 


E. L. ADREON, Manager. JOHN B. GRAY, Agent. Cc. C. HIGHAM, Gen’! Supt. 


THE AMERICAN BRAKE CoO. 


The Westinghouse Air Brake Co., Lessee. 


NEW YORK OFFICE, 1207 Havemeyer B’ld’g, Cortlandt St., John B. Gray, Agent. 
CHICAGO OFFICE, Grand Pacific Hotel. 


MANUFACTURERS OF LOCOMOTIVE BRAKES 
General Offices, ST. LOUIS, MO., U.S.A. 


MACHINES 


HYDRAULIC PRESSES. 


We are always prepared to make tests 
of all kinds. 


TINIUS OLSEN & CO. 


500 NORTH TWELFTH STREET, PHILADELPHIA, PA. 


WASHING AND TESTING BOILERS WITH HOT WATER. 
INJECTORS AND JET APPARATUS, 
Rue M’fg Co., Philadelphia, Pa. 
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ORGANIZED, 1866. 


THOROUCH INSPECTION. 


insurance against loss or damage to property and loss of life 
and injury to persons caused by 


STEAM BOILER EXPLOSIONS. 


Full information concerning the plan of the Company’s operations can be obtained at the 


COMPANY’S OFFICE, HARTFORD, CORN: 


OR AT ANY AGENCY, 


J, M. ALLEN, Pres. W. B. FRANKLIN, V. Pres. FRANCIS B, ALLEN, 24 V. Pres. J. B. PIERCE, Seot. 


BOARD OF DIRECTORS. 


J. M. ALLEN, President. Hon. HENRY C. ROBINSON, Attorney-at-Law, 
FRANK W. CHENEY, Treas. Cheney Bros.’ Hartford, Conn. 

Silk Manufacturing Co. Hon. FRANCIS B. COOLEY, of the National 
CHARLES M. BEACH, of Beach & Co. Exchange Bank, Hartford, Co Conn. 
DANIEL PHILLIPS, of Adams Exp ress Co. | EDMUND A. STEDMAN, Treasurer of the 
RICHARD W. H. JARVIS, Pres. Colts Fine) Fidelity Com pany of Hartford, Conn, 


Arms GEORGE BURNH 

THOS. O. ENDERS, Pres. United States Bank. | Works, Philadeip 

LEVERETT BRAINARD, of The Case, Lock-| Hon. NATHANIEL SHIPMAN, Judge, U.8. 
wood & Brainard Co. Circuit Court 


Gun. WM. B. FRANKLIN, late U. 8. Commis-! C. C. pull, Pres. Smyth Mfg. Co., Hart- 
sioner to the Paris Exposition ford, Conn. 
ee HOLLISTER, of State “Bank, Hart- PHILLIP CORBIN, of P. & F. Corbin, New 


Britain, Conn. 
GENERAL AGENTS. OFFICES. 
THEO. H. BABCOCK New York City, Offi 285 Broadway. 
OORBIN & GOODRICH, Philadelphia. - 482 Walnut 
nm, } t. 
E. ROBERTS, { Providence; L, 29 Weybosset St. 
M. LEMON, Chicago, I1l., 112 Quincy Street. 
Cc. C. GARDINER, St. Louis, Mo., - 404 Market Street. 
L. B. PERKINS, 21? Main Street. 
W. G. LINEBURGH & SON Bridgeport, Conn., sd 2 Sanford B’!’ 
BURWELL & BRIGGS, Cleveland, Ohio, 908 Superior 
MANN & WILSON. San Francisco, Cal., ” 306 Sansome Street. 
ZOLLARS & McGREW Denver, Col., * Mining Ex. B’l’g. 
R. F. MANLY, Birmingham, Ale. ? Morris Building 
W.S. HASTIE & SON Charleston, 8S. C.. Broad Street. 
PETER F PESCUD New Orleana. “ 188 Gravier Street. 
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United Gas Improvement Co, 


DREXEL BUILDING, 
Chestnut and Fifth Streets, 
PHILADELPHIA. 


OFFICERS : 


THOMAS DOLAN, President. 
GEORGE PHILLER, Ist Vice-President. 
SAM’L T. BODINE, 2d Vice-President and Gen’] Manager 
RANDAL MORGAN, 3d Vice-President. 


EDWARD C. LEE, Sec’y and Treasurer. 
WALTON CLARK, Gen’l Sup'’t. 


LEWIS LILLIE, Comptroller. 


DIREOTORS: 


GEORGE PHILLER, P. A. B. WIDENER, 
W. W. GIBBS, C. A. GRISCOM, 
W. L. ELKINS, 8. T. BODINE. 


BUILDERS, LESSEES AND PURCHASERS OF 


GAS WORKS 
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FRED'K A. GENTH, JR., 


CONSULTING AND ANALYTICAL CHEMIST, 
103 N. FRONT ST., PHILA,, PA. 


WHITMAN & WILKINSON, 
Patent Lauiyers, 


930 F STREET, WASHINGTON, D. C. 


ARTHUR BEARDSLEY, 
M. Am. Soc. C. E. M. A.S. M. E. 


Consulting Engineer, 


SWARTHMORE, PA. 


W. F. DURFEE, 
CONSULTING ENGINEER, 
AND EXPERT IN PATENT CAUSES, 

Mail Address: 
77 Jewett Ave., West New Brighton, Staten Island, N.Y. 
Telegraph and Kailroad Station: 

Port Richmond, Staten Island, N. Y. 
Plans furnished for Iron and Steel Works, Gas Furnaces, 


Machine Shops, Foundries, and other Manufacturing Estab- 
ishments. Machinery and Processes reported upou 


Space like this on this page, $12 
per year, payable on receipt of copy 
of Journal containing first insertion 
of adver. 


COLEMAN SELLERS, E.D., 


M. Inst. C. E., M. Inst. M. E., M. Am. Soe. C. E., &e. 


CONSULTING ENGINEER, 


OFFICE, 50 FORREST BUILDING, 
119 S. FOURTH ST., PHILA. 


L. F. RONDINELLA, M. E. 
CONSULTING ENGINEER, 


705 Chestnut Street, 


PHILADELPAHIA. 


R. H. THURSTON, 


CONSULTING MECHANICAL ENGINEER 
AND EXPERT, 


ITHACA, N. Y. 
OFFICE PRACTICE ONLY. 


DAVID EVANS, 
CIVIL ENGINEER AND ARCHITECT, 
204 S. Fifth St., Philadelphia. 


JAY M. WHITHAM, 
STEAM and HYDRAULIC ENGINEER, 
131 S. THIRD ST., PHILADELPHIA, 


MILLIAM GATZMBER, 
Civil and Mechanical Engineering, 
Marine Architecture, 


182 $. Delaware Ave., and Tacony, Philadelphia. 


WM. VAN SLOOTEN, C. B. 


No. 74 WALL STREET, 
NEW YORK CITY. 


F. E. WHIPPLE 
MACHINE DESIGNER AND DRAUGHTSMAN 
Machinery Developed and Accurate Working 
Drawings made of Mechanical and Electrical Work 
1218 FILBERT ST., PHILADELPHIA 


C. BILLBERG, C.E., M.A.I.E.E. 


Dynamos, Motors and Specialties 
S. W. Cor. 12th and Spring Garden Sts., Philad’a 


ELECTRICAL... 
EXPERIMENTAL and MODEL WORK 


HERBERT P. KELLY 
714 Sansom 8St., Philadelphia 


Oxford St., Columbia Ave. and East Park ADVERTISING 


Delightful in summerandin winter | 
Having the agency of large estates in this 


charming, high and beautiful locality, we BUREAU WEW YORK: 
can offer to permanent tenants a few houses 


to rent at from $30 to $65 per month. Close to 
Pa. R. R. Station and Trolley lines. Corres- 
pondence solicited. 

PEMBERTON & HOUGH 
r6a5 N. 33d Street 623 Walnut Street 


Time and Money Saved on 


Space like this on this page, $6.00 
per year, payable on receipt of copy 
of Journa/ containing first insertion 
of adver. 
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THE JOHN SCOTT 
Lenacy Medal anal Hreminny, 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “ in- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shall merit the same. The examination of the inventions submitted for 
the Meda! and Premium has been delegated by the Board of City Trusts, of 
the City of Philadelphia, to the Franxurm Institute, and the Instrruts, under 
the competent assistance of its 


Committee on Science and the Arts, 


undertakes to make the investigations free of charge and to recommend for the 


award all meritorious inventions. 
Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


from whom all information relative thereto may be obtained. 
Pursuant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 


The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA, 


has under consideration favorable reports upon accompanying applications. Any 
objection to the proposed awards, or evidence of want of originality of the inven- 
tion, may be communicated to the Secretary of the Institute within three 

unonths of the date of notice. 
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Hall of the Institute. 


DECEMBER, 1897. 
Notice is hereby given that the FRANKLIN INSTITUTE, 


through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 
The 
John Scott Legacy Medal and Premium 
ANDRE BLONDEL 


SPIRIDION PSAROUDAKI, 


of Paris, France, for their 
“ HOLOPHANE GLOBES.” 
Any objection to the above award should be commu- 


nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN INstITUTE, Philadelphia. 


WILLIAM H..WAHL, Secretary. 
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Hall of the Institute. 


NovEMBER, 1897. 


Notice is hereby given that the FRanKuin INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 


The 
John Scott Legacy Medal and Premium 


TO 


B. W. DUNN, Lieut. U.S.A., 


of Philadelphia, for his 


“ TESTING MACHINE FOR MEASURING INTENSITIES 
OF IMPULSIVE FORCES.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN INsTITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


NOVEMBER, 1897. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 
award of 


The 
John Scott Legacy Medal and Premium 


TO 


HERMAN C. MUELLER, 


of Zanesville, Ohio, for his 


“PROCESS OF, AND APPARATUS FOR, MANUFACTUR- 
ING MOSAICS.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN INnstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


NoOvEMBER, 1897. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 


The 
Elliott Cresson Medal 


MAX ARNDT, 


of Aix-la-Chapelle, Germany, for his 


ECONOMETER.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the Frankuin Institute, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


DECEMBER, 1897. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 
The 
Elliott Cresson Mlcdal 


TO 


THOMAS CORSCADEN, 


of Philadelphia, Pa., for his 
« ALL-WROUGHT-STEEL PULLEY.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


DECEMBER, 1897. 


Notice is hereby given that the FRANKLIN INSTITUTE, 


through its Committee on Science and the Arts, has recom- 


mended, subject to proper objection as hereinafter stated, the 


award of 


The 
Joln Scott Legacy Medal and Premium 


EDWARD A. UEHLING 


AND 


ALFRED STEINBACH, 


of Newark, N. J., for their 


PNEUMATIC PYROMETER.” 


Any objection to the above award should be commu- 


nicated within three months of the date of this notice to the 


Secretary of the FRANKLIN INstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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INDICES 


HAVE BEEN PUBLISHED OF 


SUBJECT-MATTER AND AUTHORS 


TO 


THE FRANKLIN JOURNAL 


AND THE 


JOURNAL INSTITUTE 


FROM 


JANUARY, 1826, TO DECEMBER, 1880. 


Price, $5.00. 


JANUARY, 1886, TO DECEMBER, 1895. 


Price, $1.50. 


Address 
ACTUARY OF THE FRANKLIN INSTITUTE, 
15 South Seventh Street, 
PHILADELPHIA, Pa., U. S. A. 
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Reports of the Examiners of the International Electrical Exhibition 


oc Ins ru, held in 1884, have been published in pamphlet form, and 
willbe. any address om xeceipt of the price named. Address orders to 
Actuary of the FRANKLIN Instirurr, 

Sect. V, VI Latnps, Carbons for Are Lamps, 
“ XS  _Electri¢ Railway Signaling Apparat + 
and of Electricity to Art, Artistic Efiects and 

XXX -Machinery and: Mechanica] ‘Appliances, 

Special Re — and Duration of Incandescent Lamps,. . . . . . 

Report of Chairman on Exhibition Committe@, 


THe STEVENS INSTITUTE OF TECHNOLOGY. 


School of Mechanical Engineering. 
by the date Edwin A. Stevens, at N. J. 


—FACULTY 
OD, ‘A, Professor of Mechanical Engineering, 
EBB, - Professor of Mathematics and echanics, 
iacCORD, A, Professor of Mechanical Drawing, 
. Professor of La 
WALL, A. By 42:0 Professor of Belles tires, 
rON, ‘Prolessor of Experimental Mechanics and Shop Werk. 
LLMAN, Pi sor of Analytical Chemistry, 
DAVID 5. DUS, M, By Mechanics and Shop 
of the Stevens Instrrursz is of four years’ duration, and covers all 


the profession Mechanical Enginter, By means of workshops 
proviced » excellent mnathinery, Physical Laboratories whose appointments are 
without an eq _ and with the finest Cabinets of Instruments, «very opportunity for 
the atquis orough and practical knowledge is afforded. 

For fart + partielle address the President, 


H. MORTON, Hoboken, N. J, 
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